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ADDRESS. 


The  Uniteebitt  of  Minnesota,  ) 
Minneapolis,  Minn.,  April  1, 1886.     j 

To  the  Preaideni  of  the  Untveraitv, 

Deah  Sir:  I  have  the  honor  to  present  herewith  the  tiiir- 
teenth  annaal  report  on  the  geolc^oal  and  natural  history  earrey. 
Accompanying  this  is  a  copy  of  the  second  annnal  report  for 
reprint,  as  that  report  is  constantly  reqaested  by  librariaoB  and 
geologists  who  desire  to  complete  their  series,  and  has  been  oat 
of  print  for  several  years. 

Very  respectftilly,  yonr  obedient  servant, 

N.  H.  WlNOHEIX, 

State  geologist  and  carator  of  the  general  moseam. 
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REPORT. 


I. 

SUMMARY  STATEMENT. 


An  edition  of  six  hundred  copies  of  the  first  volnme  of  the 
final  report  of  the  aorvey  -was  bonnd  and  distributed  prior  to  De- 
oember  Ist.  If  the  Dumber  bound  and  ready  for  distribution  had 
been  much  larger  the  edition  would  have  been  exhausted  im- 
mediately. The  distribution  was  made  in  accordance  with  the 
instructions  of  the  secretary  of  state,  as  expressed  in  the  follow- 
ing circular,  but  the  number  of  copies  was  not  large  enough  to 
supply  all  the  libraries  and  institutions  contemplated  by  the 
instractioDs: 

SUX.E8  OF  THE  BECSBTABT  OF  STATE  FOB  THE  DIBTBIBUTION  OP 

THE  FmAX  SBPOBT  OF  THE  QEOLOOIOAL  ASH  NATUBAX 

HI8T0BY  8UEVBT  OF  MIOTTESOTA. 

In  February,  1881,  a  bill  was  introdnced  in  the  state  senate  by 
Hon.  J.  B.  Gilfillan,  which  had  sundry  provisions  ooucernii^ 
the  printing  and  distribution  of  the  volumes  of  the  final  report 
of  the  state  geologist  on  the  geological  and  natural  history  sur- 
vey of  the  state.  Although  this  bill  passed  the  senate  it  was 
lost  in  the  house  in  the  last  days  of  the  session,  from  lack  of 
time.  It  is  presumed  that  had  it  came  to  a  vote  in  the  house  it 
would  have  passed,  as  it  was  approved  unanimously  by  the  sen- 
ate. It  has  therefore  been  adopted  and  followed  as  far  as  pos- 
sible, in  the  publication  of  Uie  first  volume  of  the  survey,  and 
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will  be  in  Uie  fotnre,  unless  the  legislatare  orders  otherwise. 
Section  four  of  this  bill  reads  as  follows: 

"Sbo.  4.  The  volomes  of  the  final  report  of  said  survey,  as 
they  may  be  prepared  by  the  state  geologist  from  time  to  time, 
shall  be  issned  in  an  edition  of  five  thousand  copies  each,  and 
shall  be  distribated  in  the  name  of  the  board  of  regents  of 
the  Univetsity,  nnder  the  direction  of  Uie  state  geologist,  to 
scientific  and  educational  iostitations,  and  to  individoals  as  fol- 
lows: 

"To  the  library  of  each  chartered  college  and  sdentiflo  insti- 
tntion  in  Minneeota,  three  oopiee  each;  to  each  normal  school, 
three  copies;  to  the  libraries  of  the  institnte  for  the  deaf  and 
mnte,  the  insane  asylums,  the  state  prison,  and  every  public  li- 
brary la  the  state,  not  otherwise  designated,  one  copy  each;  to 
each  county  ahditor  for  the  use  of  the  county,  one  copy;  to  each 
of  the  offloes  in  the  capitol,  one  copy;  to  each  member  of  the 
board  of  regents,  three  copies;  to  the  Historical  Society,  and  to 
the  Minnesota  Academy  of  Sciences,  ten  copies  each;  to  each 
new^aper  published  in  the  state,  one  copy;  to  each  senator  and 
repreeentative  of  the  present  L^slatnre,  one  oopy;  to  the  goV' 
emor  and  lieutenant  governor,  each  one  copy;  to  each  assistant 
on  the  survey,  who  has  famished  manuscript  or  illnstrations 
published  in  the  report,  three  copies;  to  other  sfdcntists  in  Min- 
nesota, fifty  copies;  to  the  general  office  of  each  railroad  that  has 
famished  aid  to  the  survey,  three  copies;  to  the  library  of  each 
high  school,  famishing  students  fitted  for  the  freshman  class  of 
the  State  University,  one  copy;  to  the  state  library  of  each 
stAte  in  the  Union,  one  oopy;  to  ea4^  state  univeiBity  and  col- 
lege of  agriculture  and  mechanic  arts,  one  copy;  to  the  geolo- 
gists and  naturalists  of  other  states,  two  hundred  copies;  to  the 
library  of  the  University  of  Minnesota,  two  hundred  copies;  to 
other  oolleges  and  scientific  institutions  in  the  United  States, 
one  hundred  copies;  to  foreign  institutions  and  scientists,  one 
hundred  copies;  and  to  the  state  geologist,  twenty-five  copies. 
The  remainder  shall  be  deposited  in  the  State  University,  and 
shfill  be  sold  at  such  prices  as  the  board  of  regents  may  deter- 
mine; and  the  proceeds  of  such  sales  shall  be  used  by  said  re- 
gents for  the  purchase  of  apparatus  and  books  for  the  survey, 
and  after  its  completion,  for  the  departments  of  natural  science 
at  the  State  University." 

The  only  departures  from  the  foregoing,  ordered  by  the  secre- 
tary of  state,  consist  in  the  delivery  of  two  hundred  copies  to 
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the  secretary  of  etate,  for  dUtribatlon  to  the  offices  of  foreign 
consulfi,  and  the  transmiBsion  of  the  proceeds  of  all  sales  to  the 
state  treasurer  at  8t.  Paul. 

The  copies  remaining  after  this  distribntion  will  be  sold  at 
five  dollars  per  copy  for  the  best  style,  (tinted  paper,  half  roao 
binding,)  and  Uiree  and  a  half  dollars  for  the  oommon  style, 
bound  in  cloth,  aooording  to  the  direction  of  the  execative  com- 
mittee of  the  board  of  r^^ents,  approved  by  the  secretary  of 
state. 
All  correspondence  shoold  be  addressed  to 

N.  H.  WEJCHELL, 

State  geologist, 

Minneapolis,  Minn. 

Unless  the  Iiegislature  orders  otherwise  it  is  probable  that  the 
rest  of  the  edition,  when  bound,  will  be  disposed  of  according  to 
this  plan. 

From  the  last  week  in  September  to  the  cud  of  the  year  the 
time  and  enei^  of  the  survey  was  given  almost  entirely  to  the 
work  of  preparing  a  suitable  exhibit  at  the  World's  Cotton  and 
Industrial  Exposition  at  Kew  Orleans.  A  portion  of  the  aeoom- 
panying  report  consists  of  a  description  of  that  exhibit,  as  pre- 
pared, with  the  pennission  of  the  board  of  regents,  under  the 
direction,  and  mainly  at  the  expense  of  the  Minnesota  State 
Board  of  Collective  fb^ibits.  From  December  Ist  till  January 
11th,  I  was  in  New  Orleans,  occupied  with  the  installation  of  this 
exhibit.  Mr.  TJpham  was  also  absent  on  the  same  work  from 
December  1st  till  Christmas,  and  my  son  H.  Y.  Wincfaell,  who 
had  been  casually  and  t«mporarily  occupied  throughout  the  suia- 
mer  in  laboratory  and  ofiQoe  work  of  the  survey,  and  continually 
throi^h  the  ^1  on  the  New  Orleans  exhibit,  was  left  as  perma- 
nent custodian  of  the  property.  The  i^greg^tte  value  of  the  ar- 
ticles belonging  to  this  portion  of  the  Minnesota  exhibit  is  about 
six  thousand  dollars,  as  estimated  for  the  placing  of  insurance. 

Mr.  C.  L.  Herrick  who  was  at  work  on  the  mammals  of  the 
state,  and  had  spent  about  a  year  in  making  original  observations 
thereon,  was  appointed  to  a  position  on  the  faculty  of  Denison 
University,  in  the  state  of  Ohio,  and  was  released  during  the 
Ml,  and  till  January  1,  1886,  to  discharge  those  duties.  He  has 
now,  however,  resumed  work,  and  wiU  render  bis  final  r^ort 
on  this  branch  of  the  natural  history  of  the  state  before  the 
close  of  the  year  1885. 
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Dr.  P.  L.  Hatch's  report  on  ornithology  haa  not  yet  been 
tendered,  bat  it  is  expected  that  it  vill  be  ready  for  publication 
in  the  early  part  of  the  present  year. 

In  order  to  complete  the  pitblicatioa  of  material  ^ready  on 
hand,  relating  to  the  geology  proper,  provision  oaght  to  be 
made,  during  the  legislative  seesion  of  1886,  for  the  printing  of 
another  volnme.  This  would  be  largely  devoted  to  a  belt  of 
counties  in  the  central  portion  of  the  stttte,  and  would  be  of 
scope  and  plan  similar  to  volnme  one. 

At  the  World's  Indostrial  and  Cotton  Centennial  Sixposiljon, 
now  being  held  at  New  Orleans,  the  State  of  Minnesota  for  the 
first  time  pnblicly  exhibits  two  new  products  of  her  natnral 
resources — salt  and  iron. 

The  brine  derived  &om  the  well  at  Hnmbolt,  in  Kittson  connty, 
is  an  angury  of  what  may  be  in  the  future.  The  brine  irtiich 
overflows  at  the  surface  has  more  than  the  avert^  per  cent  of 
chloride  of  sodium  found  in  the  Michigan  brines,  while  the  total 
solid  matter  in  solution  (including  chloride  of  aodinm)  is  only 
ihim  one-third  to  one-half  as  much.  The  probable  geological 
formation  from  which  this  brine  insues  and  the  conditions  of 
future  successfol  exploration,  are  given  in  the  accompanying 
report  I  have  to  acknowledge  the  generous  assistance  of  Mr. 
Valentine,  owner  of  the  well,  for  valuable  information  and  for  a 
series  of  the  drillings  from  the  well. 

The  year  1884  has  witnessed  a  very  extensive  and  important 
opening  of  the  iron  mines  at  "Vermilion  lake.  Mr.  George  C. 
Stone,  of  St.  Paul,  general  manager  for  the  Minnesota  Iron  Com- 
pany, has  given  every  facility  for  the  examination  of  the  mines, 
and  has  supplied  information  and  statistics  embraced  in  the 
chapter  on  the  Vermilion  iron  ores.  Specimens  illustrating  the 
ores  of  the  various  mines  at  Vermilion  lake  are  on  exhibition  at 
New  Orleans,  aggregating  in  weight  about  2,600  ponnds.  Sixty- 
two  thousand  tons  were  shipped  from  the  mines  in  the  latter  part 
of  the  season,  delivered  at  Cleveland,  Pittsborg  and  other  lower 
lake  ports.  This  ore  ranks  well,  so' for  as  assays  made  at  the 
mines  indicate,  with  the  ores  of  the  best  quality  tmm  Michigan. 
It  is  believed  to  be  derived  ftx>m  rocks  of  the  same  geolt^oal 
horizon  as  the  ores  from  Marquette  and  Menominee. 

The  importance  of  this  development  to  the  state  of  Minne- 
sota can  hardly  be  overestimated.  This  is  the  most  westerly 
point  at  which  the  ores  of  this  geological  horizon  are  known  t« 
«xist    They  should  not  be  carried  east  for  amdttng  and  msnn- 
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Jbctnre,  bat  should  be  redaoed  vhere  th«y  are  mined.  Their 
market  will  for  the  present  be  in  the  east,  bat  their  altimate 
consnmptioQ  Till  be  in  the  -weet  vhere  the  Bettlement  and  rapid 
development  of  the  coantry  demand  iron  for  all  the  applianoefi 
into  which  iron  enterB.  The  freightage  of  the  mana&«tnred 
products  directly  from  Minnesota  to  sapply  this  western  demand 
will  altimately  be  seen  to  be  so  much  cheaper  than  the  carriage 
of  the  ores  east  and  the  mannfiEiGtared  articles  again  west,  that 
the  ways  and  means  for  avoiding  this  doable  freightage  will  be 
soQght  and  foand  by  the  shrewd  capitalists  of  the  state.  Such 
utides  would  compete  snooeesfbUy,  in  the  western  markets,  with 
those  of  eastern  manaftwiture.  The  coal  of  Iowa  or  niinois 
would  have  to  take  the  place  of  that  of  Pennsylvania,  unless 
charcoal  could  be  snbstitated. 
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n. 

RECONNAISSANCES. 


(a).     Notes  of  a  reeoanaittanee  into  Pope  covnty,  May,  1881. 

This  trip  of  obserration  was  made  at  the  instance  and  solici- 
tation of  Mr.  O.  Tharaldson,  of  Langhei. 

The  drifi.  Along  the  new  railroad  extending  northvestwardly 
from  Minneapolis  to  St.  Cloud  are  variona  new  and  interesting 
expoenres  of  the  drift  deposits,  which  deserve  a  oarefal  inspec- 
tion. They  exhibit  the  relatioos  of  the  gray  and  red  tills,  the 
gray  overlying  the  red  and  finally  prevailing  entirely,  lliere 
are  also  gravel  deposits,  and  patches  of  laminated  day.  North- 
vest  of  this  moraine  the  sar&ce  is  flat.  At  once  this  Sat  tract 
is  Been  to  consist  of  gravel  derived  from  the  gray  till,  contatoing 
Gr^Aceoas  bits.  At  Bodgere  Siding  the  country  is  timbered, 
and  andnlating,  the  till  being  gray,  and  very  fine. 

At  the  crossing  of  Crow  river  the  gray  till  becomes  converted 
into  and  overlain  by  a  pebbly  clay,  and  then  by  a  finer  loess, 
which  last  Bhowe  ten  to  fifteen  feet  in  thickness  at  the  first  (oater) 
oats.  There  is  some  gravel  and  sand  considerably  tinted  with 
red,  indicating  the  proximity  of  red  till  deposits.  At  a  few 
polnte  a  red  till  is  seen  at  the  lower  levels.  After  crossing  the 
river  the  coantry  is  timbered  and  rolling  for  abont  two  miles, 
bat  Uie  snr&ce  consists  of  this  loess,  or  fine  silt  without  bonl- 
ders.  It  then  becomes  fiat  or  andnlating,  and  the  soil  rather 
sandy,  though  probably  a  till,  and  occasionally  is  red,  bat  mainly 
gray — especially  gray  in  the  upward  swells  and  ridges  that  are 
cut  by  the  grade. 

Monticello  is  on  a  gravel  plain  bat  few  feet  above  the  river, 
which  is  apparently  analogons  to,  if  not  identical  with  that  on 
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which  Bt.  Cloud  U  sitaated,  though  at  the  latter  point  it  is  ap- 
parently abont  two  milea  in  Tidth. 

Bed  granite  ia  to  be  seen  near  the  railroad  bridge  over  the 
Sank  rirer,  near  St.  Clond.  On  crossing  the  river  the  grade  as- 
cends, apparently,  to  a  higher  flat  than  the  St.  Clond  flat,  which 
likewise  consists  of  gravel  — at  least  there  is  do  hlatf  on  the  east 
side,  bnt  the  road  runs  from  the  plain  directly  on  to  the  bridge 
which  is  about  fifteen  feet  above  the  water,  while  on  the  west 
side  it  enters  cats  in  gravel  bloffe  about  fiileen  feet  higher  than 
the  grade.  With  some  undnlations  this  gravelly  flat  continnes 
to  St.  Joseph,  the  railroad  cnts  only  showing  graveL 

West  from  Bt  Joseph  tbe  sor&oe  beoones  broken  and  rolling, 
yet  coQBisto  of  gravel.  This  gravel,  however,  in  the  distance  of 
about  a  mile  from  Watab  creek,  in  the  direction  of  the  railroad, 
gives  place  to  a  red  till,  even  morainlc  till  on  the  east  Ride,  and 
then  also  on  the  west  side.  This  is  the  condition  of  the  surface 
at  Coll^^ville.  This  red  till  becomes  yellowish,  verging  toward 
gray,  interspersed  with  tamarack  swamps.  As  a  red  till,  however, 
it  apparently  continues  to  Avon,  and  to  Albany,  bnt  with  vari- 
ations to  a  yellowish  color.  Just  vest  of  Albany  a  characteris- 
tic gray  till  appears,  lying  over  the  red,  bnt  is  rather  pebbly 
instead  of  stony,  and  the  snrface  becomes  smooth  or  gently  un- 
dulating, and  continnes  so  to  Freeport.  At  Melrose  this  gray 
till  is  covered  by  a  loess  loam,  due  apparently,  to  the  former 
action  of  Hank  river  in  the  valley  of  which  Melrose  is  situated. 
At  the  crossing  of  Sauk  river,west  of  Melrose,  the  blnfi'cut  con- 
sists of  gray  till,  16  feet. 

At  Sank  Centre,  on  the  diorite  rock,  situated  abont  half  a 
ndle-BOutheast  from  the  railroad  station,  the  glaciation  runs  42" 
e«8t  of  south  (true  meridian). 

Gry^aUine  rotHa  at  8auk  Cen^e.  This  is  a  dark  speckled  rock 
consisting  almost  entirely  of  hornblende  and  feldspar,  the  rela- 
tions of  which  to  the  red  granite  lying  adj^ent,  are  hid  by  driA. 
The  red  granite  is  about  20  feet  distant  (north)  from  the  dioryte. 
The  dioryte  reeembles  that  at  "the  point,"  at  Little  Falls,  in 
having,  over  part  of  its  upper  surbce,  where  planed  by  glacia- 
tion, the  alternating  lines  of  predominating  feldspar  with  pre- 
dominating hornblende,  causing  an  appearance  as  of  lamination, 
or  at  least  a  coarse  gneissic  structure.  Except  this,  and  some 
joiutage  planes,  it  is  homogeneous  and  massive,  and  is  exposed 
over  an  area  of  abont  a  square  lod.  At  several  places,  extend- 
ing for  forty  rods  further  southeast,  on  land  of  Mr.  Oates,  this 
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dioryte  is  foancl  in  outcrop,  and  has  been  quarried.  It  is  here 
a  jointed,  angnlar,  firm  rock,  the  sfune  as  at  the  point  on  Mr. 
Carl's  land,  described.  It  shove  milky-opaque  quartz,  visible  to 
the  unaided  eye,  though  no  quartz  can  be  tbns  diaceraed  in  it  at 
Mr.Carl's.  It  disintegrates  more  rapidly  than  the  granite.  While 
it  appears,  in  bulk,  massive,  it  has  frequent  joints  running  in  all 
directions,  fecilitating  the  rude  methods  of  quarrying  that  have 
been  pursued.  The  outward  aspect  of  the  general  surface  is 
much  like  that  of  some  disintegrated  portions  of  the  Duluth 
gabbro  range. 

The  adjaceot  red  granite,  which  might  be  called  gneiss,  has 
about  ten  times  as  much  area  of  exposed  surface  as  the  forgo- 
ing. It  encloses  bands  and  patches  of  mica  schist.  It  has  an 
abundance  of  evident  quai-tz,  and  some  of  the  orthoclase  crystals 
are  two  and  a  half  inches  in  diameter,  especially  when,  somewhat 
in  the  manner  of  reins,  the  red  granite  interpenetrates  and  cuts 
across,  the  schists.  Sometimes  it  runs  in  vanishing  narrow 
seams  coincident  with  the  schistose  direction,  and  sometimes  it 
eats  boldly  across  it,  the  schists  then  having  apparently  an  angu- 
lar, fractured  termination.  This  mica  schist  is  firm,  quartzose, 
and  oecasionally  green  as  if  with  epidote,  and  would,  in  many 
places,  properly  be  styled  a  gneiss.  Ita  structure  runs  60°  east 
of  north  (true  mer.),  and  is  nearly  vertical,  bat  in  some  cases  is 
at  a  small  angle  (two  or  three  degrees)  with  a  perpend icnlar,  the 
dip  being  toward  the  south.  At  another  point  this  structure, 
which  stands  about  vertical,  runs  north,  88°  east  (true  mer,).  It 
is  here  disturbed  by  a  network  of  veins  of  the  red  granite,  and 
becomes  exceedingly  firm  and  dark  colored,  being  really  a  dark 
gneiss.  In  the  most  of  this  mica  schist  hornblende  is  more  abund- 
ant than  mica,  the  former  constituting  the  bulk  of  the  dark  in- 
gredient, and  the  latter  appearing  at  the  planes  of  easy  separa- 
tion. 


It  is  only  in  the  southern  part  of  this  red  granite  that  it  has 
any  involved  dark  schists  or  gneiss,  and  the  nearest  part  is 
twenty  feet  from  the  foregoing  dioryte.  If  there  be  a  superposi- 
tion, as  indicated  by  the  slope  of  the  upper  surfeces,  the  dioryte 
lies  under  the  granite.     (See  figure  1.) 
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No.  868.  Aretitge  Mmple  of  the  red  gnnito. 

No.  869.  Average  Mm^e  of  the  haid,  dArk  scliUt,  or  gnetM. 

No.  B60.  A  aMii|tl«  of  the  scbut  Bhowiug  considerable  micft. 

No.  861.  Average  lample  of  the  nuuBive  diorjte. 

At  another  small  area  of  exposed  red  granite  about  thirty  rods 
further  northwest,  the  enclosed  area  of  schist  strikes  east  and 
west,  and  dips  toward  the  south,  at  an  angle  of  about  15°  from 
a  perpendicular.  Here  also  the  general  slope  of  the  outcrop  is 
a  glaciated  dome  with  a  gentle  slope  toward  the  north-north- 
east, and  a  steep  one  weet-sonthwest,  rising  aboat  two  and  a  half 
feet.  At  several  places  in  the  village,  and  especially  on  the  land 
of  Mr.  Carl,  the  rock  is  found  but  few  feet  under  the  surfoce. 

Mr.  Carl  sells  stone  at  one  dollar  per  cord,  and  lets  the  quarry 
to  parties  who  work  it.  They  sell  for  eight  or  ten  dollars  per 
cord. 

Flourin{f  tnSls  at  Sauk  Centre.  The  McClure  BoUer  MiUa  are 
owned  by  the  McClure  estate,  and  are  run  by  water  power  in 
Sauk  river.  The  fall  is  111  feet,  aided  by  a  dam  which  sets 
water  back  several  miles.  The  mills  have  two  Kindelberger 
wheels,  of  48  and  35  inches  diameter,  producing  respectively 
about  68  and  40  horse  power.  There  are  six  sets  of  corrugated 
(JSoye)  rollers,  and  three  sets  of  smooth  rolls,  with  two  stone 
bnhrs  for  fiour;  the  capacity  of  the  mills  being  176  barrels  in 
2i  hours. 

Artificiai  mounds.  Near  the  connty  line  between  Btearna  and 
Pope  counties,  along  the  valley  of  Ashley  creek,  are  a  great 
many  artificial  monnds  of  earth.  They  are  on  the  north  side  of 
the  railroad  accompanying  a  marshy  tract.  The  railroad  passes 
up  an  old  valley  of  glacial  drainage,  abundantly  strewn  with 
gravel,  and  these  mounds  are  f^quent  along  this  valley.  Near 
a  school  house  in  the  valley  granite  outcrops  are  visible.  This 
is  a  short  distance  east  of  Westport,  and  where  Ashley  creek 
receives  a  tributary  ftom  the  south.  There  is  another  more  re- 
markable mound  situated  at  the  point  where  the  railroad  passes 
between  lakes  Amelia  and  Tnrtle,  at  the  western  extremity  of 
the  gravel  ridge  on  which  the  railroad  runs  between  the  lakes; 
which  is  so  large  that  it  can  hardly  be  artificial.  Indeed  it  ap- 
pears more  like  a  fiat-topped  remnant  of  an  old  terrace.  It  rises 
about  20  feet  above  the  lakes,  and  about  15  feet  above  the  rest  of 
th«  country.  It  is  on  the  north  side  of  the  railroad,  and  about 
three-fonrUis  of  a  mile  in  diameter. 

Twenty  or  more  other  artificial  mounds  are  on  the  land  of  Dan. 
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F.  Bartke,  8.  W.  i  sec.  2,  T.  120,  38,  a  short  distance  west  of 
Olenwood.  One  In  this  Ticioity  is  known  as  White  Sear  mound. 
•  This  rises  abont  200  feet  above  the  lake,  bnt  is  sitoated  on  a  nat- 
ural conical  hill.  This  is  on  the  north  side  of  the  lake,  about 
three  miles  from  Oleawood.  Nnmdrons  other  moands  are  on 
the  low  land,  soothwest  of  the  White  Bear  nionnd,  on  the  north 
side  of  Pelican  lake;  also  north  of  Wltite  Bear  monnd,  and  north- 
westerly, scattered  over  the  npland  prairie. 

Minnetoaska  lake.  This  lake,  according  to  statements  of  citi- 
zens of  Glenwood,  was  originally  deeignEri«d  by  an  Indian  name, 
meaning  DM  lake,  because  of  its  being  in  a  low  basin.  After 
that,  when  the  chief,  White  Bear,  was  buried  in  a  high  hill  on 
the  north  shore,  it  was  called  White  Bear  lake.  After  a  time  it 
was  changed  to  lake  Whipple,  from  bishop  Whipple,  of  Faribault, 
and  by  act  of  the  state  Legislature  of  1883  it  was  again  changed 
to  Mitmewxiaka,  or  Qood-water.  It  is  said  to  be  85  feet  deep  in 
its  deepest  part,  and  averages  about  forty  feet,  and  there  is  no 
known  evidence  of  its  having  ever  stood  at  a  higher  level. 

This  lake  basin,  which  is  also  known,  facetiously,  as  the  "  Pope 
oonnty  cellar,"  seems,  to  one  approaching  it  from  theeast  by  way 
of  the  St.  Paul,  Minneapolis  and  Manitoba  Railway,  as  he  first 
viefra  it  from  the  railroad  station,  like  some  grand  excavation 
in  the  rocky  formation  of  the  country.  The  smooth,  high  prairie, 
which,  as  a  gravel-strewn  plain,  extends  monotonously  north- 
eastward from  the  east  end  of  the  lake,  breaks  off  rather  suddenly 
toward  the  west  in  a  remarkable  depression  of  about  240  feet, 
and  in  this  depression  the  expanse  of  the  lake  appears.  There 
has  been  discovered,  however,  no  rock  bed  in  any  of  its  blufib, 
which  consist,  everywhere,  of  drift  materials  only. 

A  limegtone  maaa,  lying  among  the  drift  hills  X.  R  t  sec  IS, 
T.  125,  37,  owned  by  Mrs.  Sarah  Peterson,  in  the  upper  part  of 
the  bluffs  that  enclose  the  lake,  was  suspected  to  be  an  outcrop 
of  the  native  beds,  and  was  so  reputed.  It  was  carefnlly  ex- 
amined. Its  strata  are  nearly  horizontal  dipping  N.  W.  about 
2  degrees,  and  on  excavation  in  front  it  maintains  a  perpendic- 
ular Ikce  as  &r  as  dug,  developing  a  thickness  of  at  least  5}  feet. 
With  a  probe  it  was  found  to  mn  under  the  soil,  southward, 
abont  9  feet.,  bnt  beyond  that  the  probe  passes  too  deep  without 
strikingit  to  allow  of  its  being  continuous  in  »Uu.  On  lower  ground, 
in  the  vicinity  of  this  limestone  mass,  are  several  large  boulders 
of  coarse,  red  granite,  some  being  ten  feet  in  diameter.  Abont 
the  shores  of  the  lake  are  oooasionally  found  bits  of  Cretaceous 
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lignite.  It  vas  stated  tiiat  one  man  fooad  a  piece  as  large  as  he 
ooold  <»n7.  It  teenu  to  come  firom  below  the  water,  sinoe  it  is 
said  to  appear  after  heavy  storms. 

The  drift  biuffa  at  the  east  end  of  the  lake,  have  an  average 
hight,  as  measared  by  aneroid,  of  248  feet  above  the  level  of  the 
lake,  bat  some  of  the  hills  adjacent  rise  aboat  25  feet  higher. 
These  hills,  and  the  general  flat  sar&ce  extending  northeast- 
wardly, are  composed  superficially,  and  largely  of  gravel  and 
sand.  The  effect  of  winds  and  storms  on  this  deposit  has  been 
to  nncover  and  make  saperflcial  namerons  transported  boolders, 
especially  thronghont  that  part  which  has  a  broken  oontoor. 
Thus  the  apparent  abondance  of  bonldeis,  large  as  it  is  in  the 
original,  in  comparison  with  that  of  boolders  in  ordinary  till,  is 
enperflcially  mach  increased.  They  are  innnmerable,  some  of 
them  being  two  or  three  feet  in  diameter.  In  some  places  they 
literally  cover  the  sar&ce  with  a  coatinaons  pavement.  These 
blolfe  appear  rongh  and  hilly  jnst  at  the  lake,  and  between  the 
station  and  the  lake.  From  their  sommite  the  prairie  level, 
flat  or  moderately  nndolating,  is  maintained  eastward;  bat 
toward  the  northwest  the  sarbuie  is  roogh  and  stony,  exhibiting 
the  characters  of  a  glacial  moraine,  extending  to  the  soatb  of  lake 
Beno. 

Below  this  covering  of  gray  gravel,  which  seems  to  be  50  to  76 
feet  thick,  these  blufb  are  composed  of  gray  till.  This  is  evinced 
by  the  composition  of  exposed  cats  and  slides  in  tiie  frequent 
ravines.  This  underlying  till  sheds  the  water  that  penetrates 
downward  in  the  gravel,  caneing  nnmerous  springs  which  are 
foand  at  aboat  the  same  horizon  in  the  blnfi^  all  abont  the  east 
end  of  the  lake.  The  spring  waters  gather  into  little  creeks,  and 
one  of  these  was  caused  to  run  a  small  flouring  mill  till  a  few 
years  ago.  The  village  of  Glenwood  is  anpplied  with  excellent 
water  by  a  pipe  running  beneath  the  stirikce  of  the  ground  from  an 
artificial  reservoir  in  which  several  of  these  springs  are  concen- 
trated, one  hundred  and  forty  feet  above  the  village.  The  re- 
saltant  pressure  is  sufficient  to  throw  a  stream  from  the  hydrants 
in  the  streets,  over  any  of  the  houses  of  the  village. 

The  high  bluffb  which  appear  at  the  east  end  of  the  lake  are 
not  so  conspicuoos  farther  west.  They  insensibly  diminish,  and 
descend  finally  to  the  "outlet,"  where  the  general  level  is  buta 
few  feet  higher  than  the  lake  itself  In  the  same  manner  the 
south  shore  descends  toward  the  west. 

Between  the  tops  of  the  hills,  at  the  railroad  station,  and  the 
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andnlatiDg  or  rolling  enr&ce  oa  which  Qleovood  village  Ib  sita: 
ated,  a  distance  of  about  a  mile,  are  ourions  knolls,  more  or  leas 
elongated,  of  gray,  or  yellow,  till,  rising  in  the  midst  of  a  gen- 
eral till  area.  The  generic  eontoar  of  the  blnff  at  the  east  end 
of  this  lake  is  shown  b;  fignre  2. 


Biplanation  of  Figure  2. 

1.  Gray  gravel  and  sand,  with  numj  Htonee  and  bonldera. 

9.  Yellow  till,  with  few  atonee  and  boolden. 

3.  Place  of  Olenwood  TillagA 

4.  PUm  of  Olnwood  station. 

The  maraine  which  passes  along  the  east  end  of  lake  Minne- 
waska  is  from  one-half  to  three-qaarter  mile  distant  from  the 
lake,  and  extends  S.  W.  from  Glenwood.  It  is  characterized,  at 
one  and  two  miles  north  of  the  station,  by  more  nnmerons  gran- 
ite boaldeis,  strewn  over  the  tops  of  the  knolls,  among  them 
being  some  of  limestone.  The  conntry  three  miles  northwest  is 
rongh,  even  very  rongh,  some  of  the  hillocks  rising  100  feet 
higher  than  the  station.  Lake  Bene  is  said  to  be  forty  feet  higher 
than  the  railroad  station  at  Glenwood.  East  from  the  station 
the  sarfoce  becomes  smooth,  bot  shows  a  very  slight  eastward 
decline,  for  at  least  a  distance  of  abont  two  miles.  From  Glen- 
wood the  line  Keems  to  pass  more  southerly,  into  BarsneBs. 

Springn.  Allusion  lias  already  been  made  to  the  singnlar  and 
persidlent  spiiiig-cuurse  along  these  blofib,  reminding  the  be- 
holder of  the  similar  effect  of  the  green  shales  of  the  Trenton  in 
Fillmore  and  other  conntiefi  in  forming  a  line  of  springs  near 
tbetopsof  UiB  tit.  Peter  blafl^  in  those  coonties.*  liieBeBprings 
afford  a  strongly  calcareous  water,  and  in  &vorable  positions  de- 
posit a  copious  sediment  of  tnfa.  Snch  deposits  are  found  on 
S.  W.  i  sec.  2,  T.  125,  38,  on  the  land  of  Daniel  F.  Bartke,  and 
on  that  of  Stillman  Ayers.  It  is  here  deposited  on  growing  moss 
and  leaves,  and  lies  at  100  to  150  feet  above  the  lake.  The  water 
is  shed  by  the  underlying  clayey  till.    In  similar  circumstances 

•Fln«l  report,  TOl.  1,  p.  17*. 
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are  foand  local  beds  of  peat,  maiatained  on  the  face  of  the  bluff 
below  Bach  Bprlogs.  Some  of  the  water,  on  flowing  again  through 
the  bog  becomes  solpharetted,  and  similar  to  that  of  Mr.  Bryan 
near  Minnesota  City,  in  Winooa  oonnty. 

Another  soarce  of  Bprings,  apparently  below  the  clay,  gives 
chalybeate  water.  This  scarce  gives  origin  to  the  springs  that 
issue  at  much  lower  levels  along  some  of  the  larger  creeks  that 
eat  the  blaflb  in  the  same  vicinity.  They  .are  distinct  fcomrthe 
lime-depoeiting  springs. 

Brick  are  made  at  Glenwood  by  John  Alton.  They  are  of  a 
light  red,  or  yellow-red  color,  and  sell  for  ten  dollars  per  thou- 
sand. Mr.  Alton  also  burns  quicklime,  from  boulders  gathered 
on  the  snrfiice. 

3fSl».  There  are  three  mills  on  the  Chippewa  that  serve  the 
&rmers  of  sontheastern  Pope  county,  viz.:  Smji  Falls  mill, 
Marlue  mill  and  West's  mill.  The  first  is  a  roller  mill,  but  the 
othere  are  stone  mills,  with  three  ran  in  each. 

Trees.  The  native  trees  of  sonthem  Pope  county  are  as  fol- 
lows: Bur  oak,  bass,  elm,  ironwood,  aspen,  white  ash,  plum, 
box-elder,  willow,  sugar  maple,  balm  of  Gilead  (in  Langhei), 
black  ash,  jnneberry,  red  elm,  cottouwood,  black  cherry,  hack- 
berry —  no  black  oak,  nor  white  oak. 

The  Bl-ue  Mounds,  a  remarkable  ridge  of  drift  materials  ran- 
ning  through  the  southern  portions  of  Blue  Mounds  and  BarsnesB 
townships,  a  portion  of  which  is  iUostrated  by  the  accompanying 
sketch-map  (Fig.  3)  has  been  described  by  Mr.  Upham  in  the 
eighth  annnal  report.*  This  ridge,  where  sketched,  consists 
essentially  of  the  coarser  drift  materials,  gravel  and  sand  pre- 
dominating, overstrewn  and  intermingled  nith  boulders.  The 
pebbles  are  some  of  them  irom  the  Cupriferous,  Buch  as  dark 
amygdaloids,  melaphyr,  epidote  and  quartz,  and  namerous 
greenstooes.  But  the  most  of  the  larger  stones  are  granite  and 
hornblendio  Bdiists,  with  Winnip^  limestone.  The  bulk  of  the 
entire  range  seems  to  be  gravel  and  sand,  as  evinced  by  the  great 
depth  of  some  of  the  depressions  which  only  rarely  contain  any 
Witter  and  by  little  cats  along  the  roadside.  It  is  a  distinct,  and 
almost  a  simple,  range.  -Along  its  north  side  in  the  valley  of 
Signalnes  creek  it  is  flanked  by  a  subordinate  parallel  range  ris- 
ing about  half  as  high  as  the  main  range.  This  range  is  also 
composed  of  gravel  and  sand.      It  is  interrupted,  sometimes 
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doable,  and  presents  all  the  characters  of  a  glacial  kame.  It  miu 
into  and  blends  with  the  main  range  on  the  town  line  of  Bars' 
ness,  where  it  seems  to  contribnte  its  contents  to  that  range,  caus- 
ing the  highest  point  in  the  whole  series,  so  for  as  seen,  in  this 
vicinity.     Toward  the  west  the  Bine  Monnds  are  lost  in  crossing 


ng.». 


the  valley  of  Outlet  creek,  or  the  valley  which  Signalnes  creek 
occupies,  for  Outlet  creek  comes  through  drift,  and  has  approxi- 
mate blnffe  till  it  enters  the  Signalnes  valley. 

On  each  side  of  the  Bine  Monnds  range  is  a  distinct  valley, 
that  on  the  north  side  .being  bonnded  abrnptly  on  the  north 
by  a  bench  or  blnff  of  till,  rising  from  75  to  a  100  feet, 
l^at  on  the  south  is  also  bounded  on  the  south  by  an  undu- 
lating ascent  of  gray  till,  which,  within  a  quarter  of  a  mile, 
reaches  the  height  of  50  to  75  feet  above  the  valley.  The 
northern  valley  is  occupied  by  Signalnes  creek,  but  the 
soathern  valley  has  no  distinct  line  of  superficial  drainage  except 
at  its  western  termination  where,  through  section  28,  a  little 
creek  is  formed  which  works  westwardly  toward  lake  Emily. 
The  ridge  itself,  where  crossed  by  the  highway  in  section  23,  is 
not  more  that  80  rods  across,  and  its  hight  is  about  200  feet. 
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Toward  the  soutli  farther  the  till  surface  continues  to  rise,  and 
becomes  approximately  flat  or  smoothly  ondulating,  within  a 
mile.  In  section  1,  Langhel,  next  the  fioUing  Fork  township 
line,  the  elevatioo  is  1,347  feet,  as  determined  by  aneroid  ander 
favorable  circnmstanees,  the  connection  being  made  with  Benson 
station  which  is  1,042  feet  above  mean  tide. 

From  the  high  land  in  Langhel  the  "bine  mounds"  appear 
lower  than  the  moraine  at  Gleuwood,  and  with  a  glass  the  former 
can  be  seen  running  along  eastward  into  Barsness  as  an  isolated 
single  ridge,  the  distant  moraine  being  seen  over  it 

According  to  Mr,  G-.  Thasaldson  the  Blue  Mounds  consist  en- 
tirely of  sand  at  the  point  where  the  highway  ftrom  Olenwood  to 
Benson  crosses  them,  which  is  about  three  miles  east  of  the  point 
above  described.  The  same  was  stated  by  Mr.  Signalues.  Mr. 
XTpham  also  describes  mount  Tom,  in  Colfax,  Kandiyohi  county, 
as  composed  of  coarse  drift  materials,  largely  gr^el  and  sand, 
this  hill  being  in  the  supposed  eastward  extension  of  the  "blue 
mounda" 

Aaiothe  origin  and  nature  of  this  ridge  of  gravel  and  sand,  it 
presents  all  the  characters  of  a  glacial  kame;  but  its  gigantic 
proportions,  if  of  that  nature,  would  make  it  rank  among  the 
largest  ever  described  in  this  country,  since,  according  to  Mr, 
TJpham,  it  can  be  traced  distinctly  for  a  distance  of  about  forty 
miles.  Mr.  ITpham  has,  besides,  regarded  it  rather  asa  terminal 
moraine,  produced  by  ice  moving  in  a  northeasterly  direction. 
While  it  seems  necessary  to  give  this  ridge  furi^her  examination, 
with  special  reference  to  the  nature  of  its  contents,  its  actual 
width,  continuity  and  location,  before  its  origin  can  be  considered 
understood,  there  are  some  surrounding  Eacts,  and  theoretical 
consideratione,  which  indicate  strongly  that  this  range  of  drift 
bills  is  more  of  the  nature  of  a  kame,  due  to  the  action  of  an 
immense  glacial  river,  in  glacial  times,  than  of  that  of  a  terminal 
moraine  formed  by  glacier  ice.  The  same  facts  and  considera- 
tions would  also  indicate  that  the  "Dovre  moraine,"  in  Kandi- 
yohi coanty,  is  another  great  kame  of  gravel  and  sand. 

The  fiat  country  at  Benson,  which  is  sandy  and  rather  poor  for 
wheat,  extends  several  miles  in  width  east  and  west.  It  is  due 
to  the  former  action  of  the  Chippewa  river,  which  now  runs  but 
little  below  the  general  level,  and  which  formerly  must  have 
spread  widely  over  the  country,  spreading  sand  and  sandy  clay. 
This  sandy  loam  is  twenty-two  feet  thick  at  Benson.  All  weUs 
get  water  at  the  bottom  of  it,  on  the  clay. 
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(6)  Notes  of  a  trip  across  the  Mesabi  range  to  VermHion  lake. 

This  excursioQ  was  made  for  the  purpose  of  obtaiuiug  samples 
of  the  Vermilion  ore,  for  exhibition  at  the  World's  Industrial 
and  Cotton  Centeaiiial  Expositiou,  at  Ifew  Orleans.  A  few  ob- 
servations of  geological  interest  were  also  made. 

Surface  features.  First  —  There  are  two  belts  of  morainic  ac- 
Cnmulatious  noticeable  between  the  lake  Superior  shore  and  Ver- 
milion lake.  One  is  south  of  the  crossing  of  the  Cloquet  river, 
about  twenty  miles  from  Two  Harbors  (Agate  bay,  of  the  pre- 
vious reports);  the  second  is  from  two  to  five  miles  north  of  the 
crossing  of  the  8t.  Louis  river.  This  is  remarkable,  not  ttor  the 
hight  of  the  hills  of  which  it  is  composed,  as  they  are  from  t«n 
to  thirty  feet  high;  but  for  their  composition  and  their  abrapt, 
and  marked,  and  distinct  ontlines.  These  hills  and  ridges  are 
short  and  aharji,  and  appear  to  consist  very  largely  of  bontders 
of  gray  gabbro,  the  till  being  gray  and  stony.  On  the  north  side 
of  the  formerof  these  moraines,  on  bothsideaof  the  Cloquetriver, 
the  surface  is  smooth,  and  consists  of  gravel  and  sand,  clothed 
with  Banks'  pine.  These  flats  extend  to  theWisacode,  but  they 
become  swampy.  After  passing  the  Wisacode  are  seen  occasional 
low  ridges  and  knolls  with  white  pine  and  birch,  but  cedar  and 
tamarack  elsewhere  prevail,  with  extensive  peat  bogs.  At  the 
crossing  of  the  St.  Louis  there  is  no  deep  valley,  only  a  shallow 
one  on  drift  and  boulders,  eight  or  ten  feet  deep.  Timber  mainly 
spruce  and  tamarack,  even  on  the  higher  portions.  Soil  good, 
loamy,  rather  darker  than  the  till  below,  but  showing  no  blafik 
loam  like  that  on  the  prairies.  The  soil  at  the  moraine  a  few 
miles  north  of  the  Bt.  Loais  crossing,  what  there  is  of  it,  is  very 
good,  the  subsoil  being  gray  till;  but  largely  mnde  up  of  boul- 
ders. White  pine  abundant.  After  passing  the  sharp  ridges 
of  this  second  moraine  the  country  seems  to  become  converted  to 
a  vast  "muskeg,"  or  peat  bog,  with  similar  low  boulder-knolls 
occasionally  seen.  These  muskegs  seem  to  lie  on  the  siunuiit  of 
.the  great  gabbro  range  from  Duluth,  and  extend  over  a  width  of 
six  to  ten  miles  at  least  from  the  moraine  mentioned  a  few  miles 
north  of  the  St.  Louis  river,  to  and  beyond  the  Partridge  river, 
which  i!t  nothing  more  than  a  general  ditch  in  the  great  muskeg. 
Korth  from  Okwanim,  and  particularly  at  a  point  about  eight 
miles  south  of  the  crossing  of  the  Embarras,  the  surface  is 
gravel- strewn,  and  smooth  to  undulating.  This  gravel  consists 
almost  wholly  of  shingle  from  the  qnartzites  and  slates  of  the 
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Animikie  group.  At  the  crossing  of  tbe  Embarras  the  country 
is  swampy,  but  has  a  good  soil  and  is  habitable  and  arable  on 
both  sides  of  the  river. 

8ec&nd — A  common  feature  of  the  drift,  seen  in  the  cats  along 
the  railroad,  is  represented  by  the  following  figure — Fig.  4.  The 
upper  portion  of  the  drift,  for  a  thickness  of  fourtosixfeet,  coq- 
siste  of  pebbly  till,  bat  little  stony  (1),  and  the  underlying  till 
(2)  is  very  stony,  large  bonlders  appearing  all  over  the  surf^Mse 
of  the  cuts.  The  upper  deposit  is  of  nearly  the  same  color  as  the 
lower.  The  till  in  general,  while  of  a  reddish  cast,  has  also  a 
tendency  to  gray  in  deep  cuts,  and  to  a  darker,  more  amber- 
like red  in  the  upper  deposit. 


Third — There  are  two  rock  ranges,  or  Mesabis,  passed  by  the 
railroad  between  Two  Harboi-s  and  "Vermilion  lake,  and  the  name 
"Mesabl"  has  been  applied  to  each  of  them,  without  distinction. 
The  more  southern  one  is  that  formed  by  the  gabbro  belt  run- 
ning from  Duluth  northeastwardly  to  the  international  boundary, 
passing  south  of  Gunflint  and  Mountain  lakes,  and  constituting 
the  actual  water-divide  between  North  and  South  lakes  on  the 
iuternationiil  boundary.  This  includes  the  high  land  of  the 
"Mesabi  iron  ranges,"  as  well  as  the  iron  locations  at  Mayhew 
lake  north  of  Grand  Marais.  It  is  that  which  which  ha«  been 
most  frequently  mentioned  as  "  the  Mesabi,"  especially  along  its 
eastern  extension  where  it  is  more  distinct  and  abrupt,  particu- 
larly from  the  north,  than  it  is  farther  west.  This  range  of  high 
land  always  appears  as  a  mwyc,  from  the  north,  and  it  operates 
more  powerfully  to  control  the  drainage  of  the  northeastern  part 
of  the  state  than  the  other  Mesabi,  lying  further  north.    It  is, 
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however,  broad  as  well  as  high,  and  holds  on  its  snmmit  some  of 
the  largest  lakes  of  this  part  of  the  state,  Bmle  lake  being  one. 
It  is  characterized  by  bare  rock,  alternating  with  pest  bc^,  and 
mnskegs  with  scattered  and  stunted  apmces.  This  range  shonid 
continae  to  be  known  as  the  Me»abi.  Its  width  is  sometimes  fif- 
teen miles,  but  generally  from  four  to  kIx;  and  in  most  places, 
especially  north  fi-om  Grand  Marais,  and  south  from  Ogishke 
Mancie  lake,  its  rounded' low  crest  is  distinct,  and  narrowed  to 
leas  than  a  mile.  The  Doluth  &  Iron  Bange  railroad  crosses  this 
belt  of  gabbro,  as  shown  by  outcrops  of  the  rock,  between  the  St. 
Louis  river  crossing  and  the  station  of  Okwanim.  It  is  also 
likely  that  the  gabbro  rock  extends  further  south,  though  en- 
tirely hid  by  drift  materials. 

The  other  range  which  has  been  named  MeaaM  consists  of  gray 
granite,  or  syenite,  and  it  is  known  also  as  the  GtarU'B  Range.  It 
runs  along  parallel  with  the  former,  distant  from  it  from  five  to 
fifteen  miles.  It  is  a  distinct,  narrow  ridge  rising  about  200  feet 
above  the  average  level  ou  either  side.  It  is  intersected  at  sev- 
eral places  by  streams.  It  is  crossed  by  the  railroad  about  four 
miles  north  of  Okwanim,  and  is  less  than  a  mile  in  width,  though 
granite  outcrops  (red  granite)  may  be  seen  at  a  distance  of  two 
miles  still  further  north.  This  range,  with  more  or  less  distinct- 
ness, continues  northeastward  to  the  international  boundary 
which  it  crosses  north  of  Ounfliut  lake.  It  is  much  less  impor- 
tant as  a  topographic  feature,  and  less  persistent  in  its  charac- 
ters as  a  range,  than  the  gabbro  Mesabi  and  it  shonid  not  be 
confounded  with  it  in  future  use  of  the  term  Mesahi.  The  survey 
reports  will  refer  to  this  as  the  Giants  Range,  by  which  name  it 
ifi  also  known  in  the  reports  of  the  Canadian  survey,  on  the 
north  side  of  the  international  boundary. 

The  stratigraphy  of  the  crystalline  rocks  in  the  district  of  nortb- 
ea-teru  Minnesota,  so  f^r  as  It  is  indicated  by  observations  of 
this  reconnaissance,  is  generalized  by  the  following  diagram. 
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In  passing  upvard  ftvm  Two  Harbore  there  are  very  few  ez- ' 
posnree,  the  only  ones  seen  between  the  station  and  the  crossing 
of  the  St.  Louis  river  being  within  a  few  miles  of  the  lake  shore 
and  eonsifiting  of  the  ordinary  greenish  "  trap ''  of  the  Cuprifer- 
ous. Soon  after  crossing  the  St.  Iionis  river  there  are  outcrops 
of  massive,  gray  gabbro,  the  same  as  at  Bice's  point,  near  Du- 
Inth,  and  these  continue  to,  and  perhaps  s  little  distance  north 
of,  the  station  called  Okwanim.  Thence  northward  the  surface 
slopes  northward  and  is  strewn  with  debris  of  slate,  nndistin- 
gnishable  from  the  slates  that  have  been  described  along  the  in- 
ternational boundary,  and  called  Animlkie  slates;  but  there  is 
but  one  place  along  the  railroad  at  which  there  is  any  exposure 
of  rock.  This  is  at  the  "red  pan  cut,"  about  two  miles  north  of 
Okwanim,  where  a  very  red  and  irony  outcrop  appears  extend- 
ing only  about  20  feet.  The  opportunity  for  examination  was 
not  sufficient  to  determine  the  nature  of  this  rock,  but  the  as- 
pect and  topography,  as  well  as  the  geographic  position,  are 
sufficient  to  indicate  the  horizon  of  the  iron  bearing  beds  of  the 
Mesabi  range  proper,  as  described  in  the  report  for  1880,  or  the 
base  of  the  Animikie  group.  The  gravel  which  is  strewn  over 
the  country  along  here  has  a  considerable  quantity  of  jasper  and 
quartzyte,  often  nearly  black.  It  continues  to  the  granitic  range 
already  referred  to  as  the  Giant's  range.  This  rock  is  massive 
and  rises  from  75  to  100  feet  higher  than  the  grade.  The  aneroid 
showed  the  station  at  the  summit,  as  the  tooA  passes  over  the 
range,  to  be  165  feet  higher  than  the  station  at  the  mines  at 
Tower.  The  gray  syenite  composing  the  Giant's  Bange  is  re- 
placed by  red  at  a  few  cuts  by  the  railroad  on  the  north  side  of 
the  range,  extending  for  a  distance  of  two  miles,  at  least.  For 
some  distance  farther  north,  and  until  after  crossing  the  Embar- 
ras  river,  no  rock  appears,  but  at  a  distance  of  about  12  miles 
from  the  station  at  the  mines  at  Tower  is  an  exposure  of  a  pur- 
plish, aphanitic,  bard  rock,  showing  a  sedimentary  structure 
that  dips  toward  the  north  abont  75  degrees.  The  same  direc- 
tion of  dip  continues  at  all  exposures  from  there  to  Vermilion 
lake,  so  far  as  observed.  The  rock  itself  is  greenish,  massive, 
m^nesian,  or  greenish  slaty,  and  schistose,  some  of  it  being  like 
the  rock  of  the  ridges  between  the  Northern  Pacific  Junction 
and  Knife  &lls.  The  following  diagram  is  not  only  based  on 
these  observations,  but  expresses  in  general  the  whole  that  is 
known  of  the  rocky  structure  at  any  point  going  northward  from 
Lake  Superior. 
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At  the  luiDes  of  the  MioDesota  Iron  Compaoy  the  rock  consUts 
lai^ely  of  jasper  and  a  magneeian  schist,  dipping  north  at  an 
angle  of  85° — 88".  This  magnesian  rock  is  ordinarily  green, 
bat  in  the  vicinity  of  the  mines  it  becomes  more  and  more  ferm- 
ginons  and  apparently  is  changed  to  iron  ore — a  soft  red  hem- 
atite. At  the  same  time  there  are  conglomeratic  portions,  as 
veil  as  arenaceooB.  These  latter  are  more  abundant  on  the  slope 
to  Vermillion  lake,  north  of  the  mines.  The  ore  consists,  in 
general,  of  hematite,  but  there  are  also  small  amounts  of  non- 
titaniferons  magnetite,  and  small  crystals  of  gcethite. 

Btraiigraphic  petition  of  ihe  iron  ores  of  ttorthem  Minnesota. 
There  seem  to  be  three  horizons  In  the  strata  that,  in  northeastern 
Minnesota,  have  attracted  attention  for  theiriron  bearing  quality. 

Fa-st  —  The  titanic  iron  of  the  gabbro  belt.  This  includes  the 
iron  ore  of  the  Mayhew  location  north  of  Grand  Marais,  the  so- 
called  iron  ore  of  Dolath  and  Herman,  and  the  iron  ore  that  has 
been  reported  on  Poplar  river.  This  Ihrnishes  the  iron  sand  of 
the  lake  Superior  beach.  This  horizon  of  iron  ore  seems  to  have 
no  parallels,  so  far  as  reported,  in  Uichigan  and  Wisconsin. 

Second — The  iron  ore  of  tJie  Meaabi  range.  This  is  hard 
hematite  and  non-titaoiferous  magnetite.  It  is  thatezaminedin 
towns  59.14,  and  60.14,  and  is  presumably  the  cause  of  the  iron 
ore  signs  in  that  tract  of  country  between  Okwanim  and  the 
Giant's  range.  It  is  in  the  horizon  of  the  Animikie  slates,  and 
neai  the  bottom  of  the  same,  and  the  probable  parallel  of  the 
Commonwealth  mines  in  Wisconsin,  without  any  known  equiva- 
lantsln  Michigan. 

Third  —  The  hematite  of  the  Vermilion  mines  at  Vermilion 
lake.  This  is  on  the  north  side  of  the  granite  belt,  and  in  rocks 
dipping  north,  the  other  two  horizons  being  ou  the  south  side, 
in  rocks  dipping  south.  This  iron  horizon  is  lower,  in  the  strata, 
than  either  of  the  others,  and  seems  to  be  on  the  horizon  of  the 
Marquette  and  Menominee  Iron  ores,  as  is  also  indicated  by  the 
associated  qaartzytes,*  jaspers,  and  conglomerates. 
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THE  VERMILION  IRON  ORES. 


The  year  1884  liaving  witnessed  the  openii^  of  the  first  active 
mining  in  the  atate,  its  bearing  upon  the  fatnre  of  thia  industry, 
and  its  importance  as  a  matter  of  history,  both  demand  of  the 
sorrey  a  presentation  of  the  whole  matter  as  fall  and  explicit  as 
the  present  opportunity  may  afford.  The  following  facts  have 
been  obtained  mainly  of  the  officers  of  the  company,  and  can  be^ 
accepted  as  a  faithfitl  statement  of  the  present  condition  and 
extent  of  this  important  new  industry. 

In  every  instance  where  the  ore  was  tried  by  actaal  farnace 
tests,  it  has  proved  ite  superior  qnality.  The  company  are  min- 
ing at  the  rate  of  15,000  tons  per  month,  employing  at  the  mines 
400  men,  bat  could  easily  increase  their  product  to  26,000  or 
30,000  tons  per  month. 

The  btiildings,  machinery  and  plant  at  the  mines  involved  an 
oatlay  of  tally  $300,000,  and  the  ore  docks  at  Two  Harbors  ftilly 
$200,000  more.  The  whole  amount  expended,  indading  the 
building  and  eqaipment  of  the  Dolath  and  Iron  Range  railroad 
(sixty-eight  miles,  from  Two  Harbors  to  Tower),  by  the  MiBce- 
sotalron  Company  in  this  enterprise  is  over  $2,500,000. 

The  Vermilion  Jake  iron  district,  of  which  the  Minnesota  Iron 
Company  are  proprietors,  lies  in  the  sonth  half  of  township  62 
north,  in  range  16  west,  in  St.  Loais  eoanty,  Minnesota.  The 
greater  portion  of  the  northern  half  of  the  township  is  ocoa- 
pied  by  lake  Vermilion. 

The  whole  of  that  portion  of  the  township  which  lies  south  of 
lake  "Vermilion  belongs  to  the  Minnesota  Iron  Company,  except- 
ing section  36,  which  is  a  school  section.    This  section  is  in  the 
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soatheaetern  corner  of  the  township,  and  is  not  known  to  eon- 
tain  any  iron. 

The  shipping  port  on  lake  Snperior  for  the  ores  of  this  district 
la  Two  Harbors,  formerly  known  as  Agate  and  Burlington  bays 
(25  miles  northeast  of  Dnluth),  which  affords  nnnsaal  nataral 
advantages  for  the  erection  of  ore  piera  and  for  safety  and  con- 
venience of  vessels  of  the  largest  class.  The  surveyed  line  of 
the  Dnlnth  &  Iron  Bange  railroad,  between  the  town  of  Tower, 
at  Vermilion  lake,  and  Two  Harbors,  is  72  miles  in  length,  with 
easy  grades  and  carves,  and  offering  no  nnnsual  difficulties  of 
construction.  The  building  of  this  line  was  done  under  contract 
by  John  S.  Wolf  &  Co.,  Ottnmwa,  la.,  well  known  and  energetic 
railroad  bnitders.  The  line  was  ready  for  the  transportation  of 
ore  by  Aug.  1,  1884.  This  line  will  be  at  once  extended  to 
Dalnth,  and  there  placed  in  connection  with  the  railroad  system 
of  the  United  States.  The  Dnluth  &  Iron  Bange  Railroad  com- 
pany have  also  built  ore  piers  and  made  the  harbor  improve- 
ments at  Two  Harbors  under  the  supervision  of  Mr.  George  H. 
White  who  built  the  ore  piers  at  Bscanaba.  These  piers  are  five 
feet  higher  than  those  at  Bscanaba  and  seven  feet  higher  than 
those  at  Marquette,  thus  affording  the  best  possible  focilities  for 
loading  the  largest  vessels  in  the  trade. 
'  A  general  similarity  may  be  observed  between  the  Vermilion 
lake  iron  district,  in  township  62,  range  15,  and  the  district  in 
the  now  celebrated  township  47,  rangi^  27,  in  Marquette  county, 
Michigan,  which  includes  the  well  known  Jackson,  Cleveland. 
Lake  Superior,  17ew  York,  and  Barnum  mines,  besides  many 
others  of  less  notoriety. 

The  Vermilion  lake  deposits,  however,  appear  to  be  much 
larger,  as  tar  as  first-class  ore  is  couoenied,  than  the  mines  in 
township  47,  range  27,  in  Marquette  connty.  The  district  has 
been  examined  by  persons  who  were  fiuniliar  with  all  the  mines 
of  Marquette  county  In  their  earliest  stages,  among  others,  Hon. 
Edward  Breitnng  and  Mr.  Samuel  F.  Ely,  who  are  among  the 
pioneers  of  the  Marquette  district,  and  Mr.  John  N.  Armstrong, 
the  veteran  Marquette  and  Menomonee  range  explorer.  In 
their  opinion  the  quantity  of  first-class  ore  now  exposed  at  Ver- 
million lake  exceeds  what  was  exposed  of  that  grade  of  ore  at 
the  same  stage  of  development  in  all  the  mines  of  Marqnett« 
county.  It  is  reasonably  probable  that  the  mines  in  township 
€2,  range  15,  will,  in  the  nataral  order  of  their  development, 
alter  a  reasonable  time,  yield  as  much  of  the  highest  grade  ore 
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as  the  miDes  of  toTDship  47,  range  27,  in  Marqaette  connty, 
with  the  Hamboldt,  Ohampion,  Miohigamme,  and  £epablic 
ranges  added. 

A  brief  acconnt  of  the  reenlts  of  the  company's  explorations 
thns  far  trill  substantiate  this  statement;  although  these  explo- 
rations, by  reason  of  the  ehortness  of  the  time  which  has  elapsed 
since  the  discovery  of  the  deposits  and  the  difficulty  of  getting 
in  sappUes  in  advance  of  roads  or  settlements, .  have  necessarily 
been  partial  and  imperfect.  The  most  striking  and  natarel 
exposnres  only  have  thns  far  been  named  and  examined,  which 
will  he  described  in  the  order  of  their  occnrrence,  banning  at 
the  most  eastern. 

The  Stunix  minef  in  the  northeast  quarter  of  the  southeast 
quarter  of  section  27,  township  62,  range  15,  lies  on  the  north 
side  of  a  valley  between  the  north  and^outh  ranges.  By  mak- 
ing a  rock  cutting  of  about  75  feet,  which  would  be  principally 
through  the  slates  which  adjoin  the  ore  on  the  south  side,  a  foce 
of  75  feet  could  be  obtained  for  the  comuienceuient  of  mining 
operations.  The  surface  stripping  shows  a  with  of  about  26 
feet  of  ore  for  about  400  feet  in  length.  The  stripping  westward 
was  stopped  by  a  spring  hole  and  wet  ground;  there  was,  how- 
ever, no  reason  to  suppose  that  the  ore  terminated  at  that  point; 
on  the  contrary  there  is  a  reasonable  probability  of  it«  continu- 
ance westward.  The  ore  is  a  coarac-grained  red  specular  ore 
with  a  good  lustre,  much  resembling  the  bright  Republic  ore  of 
Marquette  county.  The  belt  is  almost  entirely  pure,  needing 
very  little  assorting. 

The  Stone  mine,  about  an  eighth  of  a  mile  west  of  the  Stnntz, 
has  an  elevation  of  25  feet  above  it.  At  the  most  eastern  end  is 
exposed  a  narrow  belt  of  slate  ore  of  excellent  quality,  which 
appears  to  he  a  lens  lying  in  front,  or  south,  of  the  main  deposit. 
The  main  deposit  is  a  very  large  one,  of  a  close  grained  red 
specular  ore  of  great  purity,  much  resembling  some  of  the  best 
ores  in  the  lake  Superior  mine  in  Marquette  county.  At  the 
eastern  end,  so  for  as  now  developed,  it  is  about  50  feet  in  width, 
gradually  increasing,  for  300  feet  westward,  to  62  feet  in  width 
and  maintaining  a  width  of  46  feet  at  700  feet  westward. 

This  body  of  ore,  at  its  present  st^e  of  surface  developemeut, 
in  respect  to  the  combination  of  size,  continuous  extent,  and 
great  purity,  stands  without  a  pandlel  in  the  United  States  up 
to  the  present  time.  Thus  ihr  in  all  the  trenches,  test-pits,  and 
stripping,  there  has  not  been  exposed  any  mixed  01%  whatever. 
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Metmllli:  livD.  Slllia.  Fhggphorui. 
AaaXyaa.ot  snr&M   specimoiis   from 'this  mine 

nude  b7  the  Isabella  Pamace  Co.  gave 66.34  2.14  .053 

Aikothet  by  tbe  Pittsburgh  Beeaemer  Steele  Co. 

goTe 68,lfl  2.02  .061 

Another  of  nnmerons  small  piec«9  taken    from 

every  part  of  theanrfacebj  Mr.  S.  P.  Ely  gave.    69.30  .06fl 

The  Elff  mine,  west  half  of  the  southeast  quarter  of  section  27. 
This  mine  inclades  the  estenBion  of  the  Stone  mine  westTard 
from  the  point  above  described  together  with  a  separate  deposit 
lying  some  300  feet  northwest  of  the  Stone  mine.  Bat  little  sur- 
face work  has  been  done  at  this  deposit;  although  it  lies  at  aa 
elevation  of  about  20  feet  above  the  Stone  mine,  the  conformation 
of  the  adjoining  rock  occasions  more  or  less  wet  ground,  and  It 
has  not  yet  been  convenient  to  drain  the  sur&ce,  which  can  be 
done,  however,  with  little  difficulty.  This  deposit  appears  to  be 
about  100  feet  in  width;  knobs  and  projections  of  pure  ore  rise 
above  the  surface  at  various  points,  indicating  a  large  and  good 
deposit.  Its  dimensions  and  characteristics  cannot  be  given  with 
the  same  certainty  as  in  the  case  of  ^he  other  mines  described, 
because  the  surface  has  not  been  stripped  or  trenched  for  the 
reasons  which  have  been  stated.  The  ore  is  of  the  best  quality, 
however,  and  the  deposit  is  obviously  a  large  one.  From  the 
first  of  March  to  tbe  present  time  moi-e  ore  has  been  discovered, 
both  in  the  Tower  and  the  Stone  (in  iiict  In  every  mine)  than 
was  ever  known  here  at  the  time  of  the  explorations  of  Chester 
and  Wright. 

The  3\ywer  mine,  east  half  of  the  southwest  quarter  of  section 
27,  Is  the  most  elevated  deposit  on  either  of  the  ore  ranges.  It 
Includes,  in  fact,  two,  and  perhaps  three,  distinct  mines.  The 
most  southern  of  these  deposits  is  clearly  distinct  from  either  of 
the  others;  it  lies  on  the  line  of  the  Stone  and  Ely  mlnra,  pro- 
tracted westward,  and  is  probably  a  continuance  of  that  deposit. 
The  trenches  show  a  width  of  about  18  feet  of  clean  ore  of  the 
bcstqnality.  One  hundred  and  fifty  feet  west  of  the  trench  which 
shows  18  feet  of  ore  is  a  new  discovery  which  shows  clean  ore 
for  150  feet  wide.  The  two  more  northerly  deposits  are  sepa- 
rated from  each  other  by  a  jasper  "hog's  back"  about  50  feet  In 
width,  and  it  cannot  yet  be  determined  whether  they  are  really 
separate  deposits,  or  whether  they  become  one  again  in  exten- 
sion. There  are  some  Indications  that  they  become  one,  aud  thafc 
the  Ely  mine  is  an  extension  eastward  of  the  united  deposit. 
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Oue  of  them  shows  a  width  of  33  feet  and  the  other  of  42  feet  of 
clean  ore  of  the  best  quality.  There  has  not  yet  been  time  and 
opi>ortanity  positively  to  determine  the  length  of  the  extension 
of  these  bodies  westward;  bat  from  the  lay  of  the  ground  there 
13  no  doabt  of  such  an  extension  as  will  make  as  large  a  mine  as 
either  of  the  others. 

The  Armstrong  mine,  northwest  quarter,  section  27.  This  de- 
posit lies  on  the  northern  slope  of  the  Tower  range.  Two  dis- 
tinct deposits  have  been  discovered  here;tone  of  the  veins  is  16 
and  the  other  30  feet  wide,  of  good  ore.  Their  extent  and  rela- 
tion to  the  other  mines  of  the  company  have  not  yet  been  de- 
termined. The  deposits  of  the  district  are  so  large  and  so  uam- 
erous  and  have  extended  over  so  mnch  territory,  that  there  has 
not  been  time  thus  far  to  get  more  than  a  partial  knowledge  of 
them.  It  is  quite  possible  that  the  Armstrong  may  prove  to  be 
an  extension  of  the  West  Breitnng,  which  is  described  further 
on. 

The  Breitung  mine,  west  half  southwest  quarter,  sec.  27,  and 
east  half  southeast  quarter,  section  28.  The  main  deposit  at  this 
mine  furnishes  a  larger  natural  exposure  of  pure  ore  than  either 
of  the  others.  The  natural  outcropping  before  any  work  was 
done  was  about  38  feet  in  width,  35  in  hight,  and  75  feet  in 
length,  all  of  the  purest  ore.  Subsequent  work  shows  that  at 
250  fleet  east  of  the  outcrop,  the  deposit  is  95  feet  wide.  Be- 
tween these  points  a  slide  of  jasper  has  covered  a  portion  of  the 
vein  for  about  30  feet  in  width  for  a  depth  of  &om  three  to  seven 
feet;  otherwise  than  this,  the  ore  is  continuous  bo  this  point,  250 
feet  eastward.  Here  the  stripping  became  rather  heavy  and  was 
discontinued;  but  at  a  point  300  feet  further  eastward,  on  what 
is  believed  to  be  a  continuance  of  the  same  deposit,  trenches  100 
feet  apart  showed  35  and  38  feet  of  the  same  ore  with  do  mixture 
of  rodi. 

The  southern  deposit  of  the  Breitung  mine  lies  about  125  feet 
south  of  the  one  just  described,  upon  slightly  lower  ground.  A 
belt  of  chloritic  schist  lies  between  the  two. 

This  vein  has  been  exposed  at  four  differout  points;  at  the 
most  easterly  it  is  27  feet  wide  and  100  feet  in  length,  stripped; 
at  the  next  one  it  shows  about  10  feet  in  width;  at  the  third,  15 
feet,  and  at  the  most  easterly,  18  feet.  The  distance  between  the 
extreme  openings  is  about  1,000  feet;  and  there  is  no  doubt  that 
the  vein  is  continaoos  for  that  distance.  This  ore  is  also  of  ex- 
cellent quality. 
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About  175  feet  north  of  west  of  the  main  deposit  Lies  the  West 
Beiiunff,  Here  has  been  exposed,  for  a  length  of  80  feet,  a  vein 
of  ore  for  npwards  of  50  feet  in  width.  At  that  width  the  strip- 
piug  became  rather  heavy  and  work  was  stopped  for  a  time, 
although  the  limit  of  the  ore  had  not  been  reaehed.  This  deposit 
has  two  jasper  walls  and  is  entirely  distinct  from  the  other  one. 

The  main  deposit  of  the  Breitnng  mine  is  a  bright,  handsome 
ore,  free  from  any  admixture  of  rock,  and  can  be  mined  (as  can 
the  ore  of  the  Stone  mine)  of  07  per  cent  parity  withont  assort- 
ing. An  analysis  made  by  the  Isabella  Furnace  Company  of 
samples  ttom  all  parts  of  a  stock  pile  of  2,600  tons 

IffUllic  Iron.    BIUOL    Phovborai. 

g»Te 68.78        1.34        .038 

Ajtother,  mad«  bj  the  Pittabu^  BesMmer 

BtMl  Oo.,gaTe _ 68.16         1,41         .041 

AiM>Ui«r,  of  nnmerons  small  pieces  taken  hj 

Ut.  a.  p.  EI7,  from  all  piuts  of  tbedepoelt, 

gSTe.. 88.51  07S 

The  Lee  mine,  north  half  section  33.  This  is  a  very  large  deposit, 
or  rather  group  of  deposits,  upon  the  South  range.  It  indudes 
three  distinct  ore  bodies.  The  most  northerly  is  nearly  or  qoite 
100  feet  in  width  at  the  point  where  it  was  first  exposed.  The 
explorations  npon  this  deposit  show  its  continuity,  with  varying 
widths,  for  about  500  feet,  and  the  indications  of  the  formation 
point  to  its  protraction  for  nearly  2,000  feet  farther  westward. 

On  the  highest  point  of  the  Sonth  Bange,  aboat  75  feet  south 
of  the  deposit  just  described,  a  vein  some  ten  feet  wide  has  been 
uncovered,  which  rapidly  widens  as  it  descends. 

A  third  ore  body  lies  75  feet  farther  south  and  is  36  feet  wide 
This  vein  extends  700  feet  to  the  eastward,  as  far  as  now  developed, 
and  is  also  probably  protracted  westward,  as  mentioned  just 
alwve  in  respect  to  the  first  deposit.  The  group  of  deposits 
which  constitute  the  Lee  mine  contain  extremely  large  bodies  of 
pure  ore;  and,  so  far  as  any  mixed  ore  is  found,  it  is  not,  com- 
paratively to  the  pure  ore,  in  greater  quantity  nor  more  difficult 
of  iissortment,  than  in  the  best  of  the  Marquette  county  mines. 
An  analysis  of  the  mixed  ore  from  this  mine,  selected  as  such  by 
-  Mr,  S.  P.  Ely,  gave  61.59  metallio  iron.  The  following  are  the 
analyses  of  the  pure  ore  ftom  this  location  : 

UMalUclroD.  «llet.    Ptuxphnnu. 

Isabellft  Pnmaoe  Co 66.42  4.67  .031 

PittaboTgh  Bflseemer  Steel  Co 66.37  4.72  .039 

8.  P.  Elj'B  samples,  fh>m  all  parte  of  the  mine...      67.80  063 
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The  Minnesota  Iron  Company  intend  to  place  a  sufficient  qnan- 
tity  of  their  ore  in  market  at  lower  lake  ports  in  the  autumit  of 
1884  to  m^e  it  known  to  consnmers,  and  thereafter  to  produce  as 
much  ae  the  market  may  require  of  the  highest  grade  of  ore,  ap 
to  an  amount  equal  to,  or  greater  tlian,  the  Marqiiette  county 
product  of  that  kind  of  ore.  As  a  matter  of  course,  an  nnlimited 
amount  of  ore  cannot  be  produced  in  a  single  year,  and  some 
years  of  development  and  oi^auizatiou  of  the  business  most  pass 
before  the  full  productive  capacity  of  these  mines  can  be  reached. 
It  will  be  observed  that  all  the  Vermilion  lake  ore  is  sufficiently 
low  in  phosphoruB  for  Bessemer  use,  and  that  a  practically  un- 
limited supply  of  such  ore  can  be  obtained,  which  is  also  of  the 
highest  standard  in  metallic  iron. 

The  evittmce  0/  mtch  ore  bodies  is  a  ifoct  of  almost  national  im- 
portance, and  their  speedy  exploitation  isof  the  greatest  interest 
to  the  whole  iron-producing  industry  west  of  the  Alleghanies. 

The  policy  of  the  Minnesota  Iron  Company  will  be  to  ship  only 
the  best  ores.  Such  mixed  ores  or  soft  'hematites  as  may  be 
developed  in  the  course  of  its  mining,  will  be  for'sale  at  the  mine 
for  those  who  may  require  them;  but  the  company' sown  product 
and  shipments  will  be  confined  to  the  ores  of  the  highest  grade. 
Xjake  transportation  will  not  be  materially  higher  than  that  Arom 
Marquette  to  lower  lake  ports,  by  reason  ofthe  large  and  increas- 
ing quantity  of  coal  which  is  seeking  transportation  to  the  head 
of  lake  Superior,  which  will  give  a  remunerative  up  freight  to 
the  ore  vessels. 

The  rapid  growth  and  development  of  several  of  the  mines  in 
Michigan  is  exhibited  by  the  following  table,  showing  the  pro- 
duct of  the  five  largest  mines  of  Marquette  county,  Michigan, 
during  the  last  ten  years. 
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The  probable  prodaetive  deration  of  iron  ore  depoaita  of  t.^jg 
character  is  a  qaeBtion  in  reepeot  to  which  acme  yaloable  expe- 
rience has  been  gained  in  working  the  Marqnette  deposits.  The 
following  table  ^ows  the  aggr^ate  prodnotion  of  thn  five  Mar- 
qnette  county  mines  which  have  been  before  cited,  from  their  first 
opening  to  the  present  time: 

Total  pnidnoUou  Id  gnm  toni. 

Jttckaraa  mine _ 3,291,902 

CleTBland  mine _    2,535,184 

I^e  Sapcai(»  mine 2,962,965 

Champion  mine 1,134,912 

Sepabliemine 1,660,608 

10,585,561 

The  Jackson,  Cleveland,  and  lake  Superior  mines  have  been 
worked  continnoosly  since  1858,  the  Champion  mine  since  1868, 
and  the  Bepablic  mine  since  1872.  Notwithstanding  their  lai^ 
prodnct,  all  of  them  excepting  the  Jackson,  have  as  mnch,  or 
more,  ore  in  sight  and  as  great  a  fhtnre  prodnct  in  prospect, 
as  at  any  time  in  their  history. 
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TABLE  or  ANAIiTSBS  OF  HASD  HEMATITE  IBON  OKES 


MINNESOTA    IRON    COMPANY'S    MINES 


VICINITY  OF  TOWEfL  ST.  LOOIS  COUNTY,  MINN. 


ADTHOBITY.  MeUUic 


J.  Blodgett  BrittoD,  Phllad«lpbi&,  March, 
1880,  select  samples.- 69.69 

Prof.  Albert  H.  ClWBtor,  Clinton,  N.  T., 
October,  1B80,  somplcB  taken  bj  himaelf 
bom  all  parte  of  north  belt. 66.93 

Samples  tftken  bj  bimwlf  ttnni  all  parte  of 
sontb  belt 66.48 

North  Chicago  Balling  Mill,  Nov.  18,  1860, 
dnplicatea  of  Prof.  Cheater's  aalection, 
north  belt. 65.22 

Nortli  Chicago  Soiling  Mill,  aonth  belt 66.18 

Chas.  E.Wright,  Marquette,  Mich.,  Sept 
1,  1881,  sampleB  taken  b;  himself  bom 
eveiy  part  of  north  belt 66.71 

Do.     Do.     soQthbolt 67.60 

Isabella  Fomace,  Etna,  Allegheny  Co..  Pa., 
Oct.  20,  1982,  samples  from  all  parts  of  a 
stock  pile  of  2,500  tons  at  the  "  Breitnng  " 
mine,  north  belt- 68.79 

Isabella  Furnace,  samples  from  the  "  Stone ' ' 
mine,  north  belt 68.31 

Isabella  Fnmsce,  sortaoe  samples  &om  the 
"Lee"  mine,  sonth  belt 66.42 

Pittebai^h  Bessemer  Steel  Co.,  Not.  10, 
1882,  samples  fi«m  all  parts  of  a  stock  pile 
of  2,600  tons  at  the  "Breitni^"  mine...  68.61 

Pittabnrgh  Beasemer  Steel  Co.,  anrfkce  sam- 
ples from  "Stone"  mine. 68.19 

I^ttsbnrgh  Beeeemer  Steel  Co.,  anr&ce  sam- 
ples from  "Lee "mine 66.37 

J.  BlodgeU  Biitton,  Philadelphia,  Dec.  20, 

1882,  sample  of  slate  ore  &om  the  "  Stone  " 
mine 69.93 

Average  samples  taken  from  all  parte  of  the 
"Lee"  mine,  by  8.  P.   £lj,   Jaonaiy, 

1883,  analyzed  br  Chae.  £.  Wright 67.80 
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Avenge  sHnplea  taken  from  all  partn  of  the 
"8tom"  mine,  hy  S.  F.  Ely,  Janiury, 
1863,  analyzed  by  Clua.  £.  Wr^t 69.30        059 

Average  Bamplee  taken  ftom  all  porta  of 
the  "Braitong"  mine,  by  S.  P.  Ely,  Jan- 
nary,  1883,  analysed  by  Chae.  E.  Wright.  68.61        078 

The  forgoing  are  all  hard  hematite  specular  ores,  and  are  all 
the  analyBefi  that  have  been  made  of  the  ores  of  the  district  above 
named  since  the  Minnesota  Iron  Company  commenced  its  explo- 
ration in  1879,  excepting  a  single  one  of  mixed  ore  from  tlie 
"Lee"  mine,  selected  as  such  by  Mr.  S.  P,  Ely,  'which  has  been 
mentioned  in  the  foregoing  pages. 

Besides  the  land  in  tovnship  62,  range  16,  which  has  been 
mentioned,  the  Minnesota  Iron  Company  own  several  thousand 
acres  in  the  adjoining  township  on  the  east,  township  62,  range 
14,  selected  to  cover  any  extension  eastward  of  the  Vermilion 
lake  range,  and  also  several  thousand  acres  along  the  line  of  the 
Dnlnth  &  Iron  Bange  railroad,  and  3,000  acres  at  Two  Harbors 
on  lake  Superior^  making  in  all  22,488  acres. 

Sh^meaU  tn  1884.  During  the  short  season  of  16S4,  aiter  the 
completion  of  the  Dnlnth  and  Iron  Bange  railroad,  and  the  con- 
struction of  the  necessary  docks  at  Two  Harbors,  the  products 
of  the  Yermilion  mines  amounted  to  about  1,000  tons  per  day, 
the  aggregate  product  being  62,000  tons,  distributed  to  various 
fumaoes  and  iron  works  in  Ohio,  Pennsylvania,  and  Virginia. 

EBOENT  ASAI.T8E8  OP  THE  TEEMILION  IBOH  OKBS. 

St.  Patji^  Mn™.,  March  6th,  1888. 
Prof.  N.  B.  Witu^U, 

State  geologist,  Minneapolis,  Minn, , 

Dkab  sie:  As  I  promised  you,  I  give  you  below  eight  late 
analyses  of  our  ore: 
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3.71 

69.27 

.044 
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68.37 

.060 

1.56 

67.75 
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2.07 

65.65 

.036 

5.J8 

67.84 

.061 

1.77 

66.04 

.031 

3.65 

67.02 

.051 

1.75 

Tours  Truly, 

Geobob  O.  Stoke,  Gen'l  manager. 
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IV. 


THE  CRYSTALLINE  ROCKS  OF  MINNESOTA. 


There  is  a  seriee  of  gneisses  and  soft  red  gnuiites,  or  more 
properly,  syenitee,  asBooiated  vitb  the  gabbro  belt  in  the  north- 
easteru  part  of  the  state.  This  red  granite,  or  "red  rook,"  as 
it  has  been  styled  in  earlier  reports,  is  believed  to  be  due  to 
metamorphism  of  sediments  that  had  been  deposited  at  a  date 
bat  slightly  prior  to  the  outflov  of  the  gabbro  itself;  and,  as  it 
has  been  seen  to  pass  into  aubcrystalline  rock  and  quartz  por- 
phyry, and,  as  similar  or  identical  qoartz-porphyry  and  feWte 
are  formed  when  in  immediate  association  with  masses  of  red 
granite  and  of  gabbro,  iuterstratified  with  the  igneous  outflows  of 
the  cupriferous,  this  red  granite  has  hitherto  been  believed  to 
belong  in  the  ^e  of  the  cupriferous,  and  for  the  same  reason  the 
gabbro  has  been  accepted  as  the  basal  igneous  rock  of  the  cupri- 
ferous. The  cupriferous  overlies  the  Animikie  slates  and 
quartzites;  and  the  great  igneous  capping  of  the  Animikie  hills 
along  the  international  boundary,  irom  Ounflint  lake  to  Pigeon 
point,|is  in  the  direct  line  of  extension  of  the  gabbro  range.  This 
'  belt  of  syenitee  and  granites,  with  the  gabbro,  disappears  at  the 
west  end  of  lake  Superior,  beneath  the  waters  of  the  lake  and  of 
the  Bt.  Louis  valley.  Farther  soathweet,  and  in  the  line  of  their 
eztensiou,  however,  are  outcrops  of  red  and  gray  granite,  on  the 
Bum  river,  south  of  MiUe  Lacs,  on  the  Mississippi  river  between 
Clearwater  and  Watab,  and  on  the  Minnesota  river  between  Kew 
Ulm  and  the  foot  of  Big  Stone  lake.  The  granite  rocks  that 
appear  in  the  Mississippi  valley  are  not  lithologically  similar  to 
those  of  this  series,  while  those  of  the  Minnesota  valley  are  more 
nearly  identical  with  them.  There  is  an  outcrop  of  the  basal  ig- 
neous rocks  of  the  Cupriferous  at  Taylors  Falls,  overlain  uncom- 
fbrmably  by  some  of  the  Cambrian  (probably  the  Caldferous 
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period),  indieating  that  the  strike  of  tbeae  granite  rocks  is  ftir- 
tjher  south  thaa  Hie  ontorops  on  tlie  Bam  and  MiuneBOta  rlTers. 
BtiU,  whetiier  these  apper  MiaslflBlppl  granitee  be  the  analt^raw 
of  Uie  red  gramtes  north  of  Lf^e  Superior,  or  not,  those  that 
appear  at  TSew  Ulm,  as  they  anderlle  a  oonglomerste  and  red 
qnartzite,  have  a  greater  degree  of  probability  of  being  on  the 
same  horinon,  and  exhibit  i^so  a  greater  lithological  resemblaDoe. 
In  any  case  tlie  gabbro  is  entirely  lost  sight  o£  As  an  ontorop- 
ping,  overfloTing  roek,  the  gabbro  may  be  eonsidered,  perhaps, 
to  have  had  a  more  intense  effect  as  a  metamorphosing  agent,  but 
one  lees  extensiTe  geographically,  than  vaa  the  effect  of  those 
foroea  whieh  made  possible  and  neoeesary  that  ontflow,  when 
acting  over  a  broader  area  vithont  actnal  fraotoring  of  the  crnst. 
Thns,  peihape,  the  metamorphism  of  the  strata  immediately 
preoeding  the  age  of  the  gabbro  ontflow,  may  have  been  more 
profound  toward  the  soathwest  further,  where  no  gabbro  is 
found.  In  apparent  consonance  with  this,  the  crystalline  rooks, 
which  might  be  in  the  extension  of  those  slates  and 
qnartzitcfl  anderlying  the  gabbro,  are  fonnd  to  occapy  a  wider 
belt  where  they  cross  the  Uinneeota  valley  than  where  they  are 
associated  with  the  ontflow  of  igneous  rock  in  northeastern 
Minnesota.  Their  prevailingschistose  stmctnre,  dippingtoward 
the  BODtheast,  if  it  be  doe  to  original  sedimentation,  is  in  har- 
mony with  the  known  strike  of  the  red  syenites  northeaBt  from 
Dalatb.  lliiB  dip  seems  to  be  changed  to  northwest  at  the 
foot  of  Big  Stone  lake,  indicating  that  the  Minnesota  valley 
passes  over  an  antietinal  in  these  rocks,  extending  from  Big 
Stone  lake  to  the  red  granite  ontorop  near  New  Ulm. 

Lying  toward  the  north  of  the  belt  of  red  granites  of  north- 
eastern Minnesota,  is  a  series  of  schists  and  slates,  containing 
the  iron  ores  of  the  Mesabl,  and  of  Termilioa  lake.  The  sab- 
divisions  of  this  series,  so  for  as  they  can  be  indicated  at  this 
time,  are  three,  viz.:  (1).  Slates  and  quartzites,  with  beds  of 
dioryte  (Animikle  gronp),  which,  in  their  extension  toward  the 
soothweet,  would,  nnder  the  for^foing  hypothesis,  embrace  the 
dioryte-bearing  mica  schifda  at  Little  PaUs,  Pike  Bapids,  and 
Sank  Centre,  as  well  as  the  dark  carbonaoeoas  slates  of  the  St. 
Louis  valley  at  Knife  portage;  and  finally  become  the  schistose 
granites  of  the  Minnesota  valley  anticlinal.  (2).  Soft,  greenish, 
sla^  sdiiBts,  which  hold  lenticolar  masses  of  light-oolored  pro 
togine  gneiss,  and  also  beds  of  dioryto.  The  horizon  of  the  Ver- 
mihoD  iron  inines  is  thought  to  be  near  the  bottom  of  this  sab- 
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diviBion,  or  at  the  top  of  the  next,  bnt  on  the  opposite  side  of  a 
Laarentian  axis,  dipping  north,  and  that  of  the  Mesabi  iron 
range,  in  the  fore^ing  sabdivision,  dipping  soath.  (3).  Gon- 
glomeritie  and  qaartzitio  slates,  wMch  become  fine,  arenaoeoti& 
qnartzites,  and  also  embrace  beds  of  silleeons  marble. 

Still  farther  north,  and  having  a  strike  in  the  same  N.  E.  to 
s.  w.  direction,  is  another  range  of  crystalline  rocks,  forming  a 
conspioaoos  feEttare  both  ia  the  topc^raphy  and  in  the  geology 
of  that  part  of  the  state.  The  rocks  of  this  horizon,  accepted 
now  as  the  Lanrentian  of  the  Canadian  geologists,  consist  of 
gneiss  and  syenite,  mainly  of  a  light,  gray  color,  bnt  also  becom- 
ing red.  The  "Gianfs  range"  of  hills  is  formed  by  this  rook. 
They  enter  the  state  at  Saganaga  lake,  north  of  Onnflint  lake, 
and  vlth  more  or  less  distinctness  continoe  soathirefltTard  cross- 
ing the  Dnlnth  and  Iron  Boi^  railroad  at  "  Messaba  Heights," 
and  the  Embarras  river  at  Sqnagamaw  lakes.  TowEird  the  west 
farther  this  range  has  not  been  traced  oat  by  the  sarvey,  but, 
jndging  from  all  the  facts  and  evidences  that  can  be  gathered 
from  other  Booroes,  this  belt  of  Lanrentian  tarns  more  westerly, 
passing  throngh  the  uorth  central  part  of  the  state,  and  swings 
northwesterly  aloi^  the  west  side  of  the  Lake  of  the  Woods,  re- 
appearing on  the  east  side  of  lake  Winnipeg. 

On  the  north  side  of  this  Lanrentian  axis  are  other  cryBtalline 
rocks,  occnpying  nearly  all  the  remaining  area  of  the  state,  ont- 
cropping  along  the  Bainy  lake  river,  in  the  Lake  of  the  Woods, 
and  east  of  Baiay  lake.  These  seem  to  be  altematii^  bands  of 
schists  and  gneiss,  and  their  extent  and  nature  have  not  been  as- 
certained. 
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ADDITIONAL  ROCK-SAMPLES  NUMBERED. 


The  laat  recorded  nnmber  of  this  series  is  given  in  the  Tenth 
Annual  Beport,  page  122. 

TSo.  837.  Fragments  &om  19R  feet  ander  Minneapolis;  red 
quftrtzyte,  from  the  deep  well  at  the  Washburn  "C."  mill. 

No.  838.     Brick-red  qaarizyte,  &oa  Bedstone,  near  Kew  Ulm. 

So.  839.  Pine-grained  gray  syenite  from  Sauk  Bapids, 
Museum  Begister  No.  4466. 

So.  840.  Fine-grained  gray  syenite,  like  the  last  from  East 
St.  Cloud,  Museum  Begister  No.  2128. 

No.  841.  Granite  from  near  (nori-h  of)  Motley,  Museum  Beg- 
ister No.  2596. 

No.  842.  Greenish  syenite  (1)  from  sees.  17  and  18,  Ashley. 
Museum  Blister  No.  4499. 

No.  843.  Dyke  in  the  Motley  syenite.  Museum  Begister  No. 
2593. 

No.  844.  Dyke  in  the  Motley  syenite,  very  fine-grained. 
Museum  Begister  No.  •2596. 

No.  845.  Dyke  in  the  granite  Ht  Sauk  Bapids.  Museum  Beg- 
ister No.  2122. 

No.  846.  Amygdaloldal  dyke  rock,  Maine  Prairie.  Museum 
Begister  No.  2123. 

No.  847.  Slate,  fine-grained,  shoving  sedimentary  stractnre 
and  slaty  cleavage  running  in  difi'erent  directions,  crossing  each 
other.     Mnseam  Begister  No.  2881. 

No.  848.  Fine  gray  quartzyte,  at  least  a  fragmental  rock  though 
containing  other  minerals  besides  quartz,  glistening  with  -fine 
sparkles  on  a  freshly  fractured  surface,  from  Little  Falls. 
Museum  Begister  No.  2690. 

No.  849.  StaurolitemicB  schist.  Pike  Bapids,  near  the  mouth 
of  Swan  river.    Museum  B^i;iBter  No.  2689. 
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No.  850.  Fine  crypto-cryatalliDe  form  of  tlie  red-rock,  at  Sn- 
lath,  of  a  reddish  brown  color;  the  same  as  No.  42,*  bat  fresher, 
and  less  grannlar. 

No.  851.  Bed  granite,  from  Cotirtland,  Nicollet  County,  op- 
posite Sev  Ulm. 

No.  852.  CSonglomerate  (Fotsdam)  Conrtland,  Nicollet  Comity, 
opposite  New  Ulm. 

No.  852.    A.  B.  C.  D.  E.  F.    Pebblee  from  852. 

No.  853.  Pyritiferous  red  granite,  from  Mannheim's  Bilver 
mine,  Dnlnth. 

No.  853  A.     Vein  rock  from  Mannheim's  silver  mine,  Dnlnth. 

No.  863  B.  Vein  rock  (calcite)  from  Mannheim's  silver  mine, 
Dnlnth. 

No.  854.  Traprock  from  Taylor's  Falls,  cootaining  metallic 
copper  in  minnte  particles. 

No.  855.  Dark  concretions  from  the  slates  at  Thomson,  thought . 
by  Ennt  &  Dawson  to  contain  a  keratose  sponge. 

No.  856.    Vein  in  gabbro,  at  Bice's  point. 

No.  857.  Conglomerate  of  shale  in  white  sand-rock,  Fond  dn 
Lac. 

No.  858.  Average  samples  of  the  red  syenite  (micaceous)  at 
Sank  Centre,  quarry  of  T.  Carl. 

No.  859.  Average  sample  of  the  hard,  dark  schist,  or  gneiss, 
Sank  Centre,  qnarry  of  T.  Carl. 

No.  860.  Sample  of  the  schist  showing  considerable  mica, 
Sank  Centre. 

No.  861.  Average  sample  of  the  massive  dioryte,  Sank  Cen- 
tre. This  is  the  same  as  described  by  Strong  in  the  eleventh 
annual  report,  page  72,  and  by  Upham  on  page  103. 

These  locks  from  Sank  Centre  are  described  on  page  12. 

No.  862.  Pinkish,  white  qaartzyte.  Garden  Valley,  seven 
miles  from  Merrillan,  Jackson  County,  Wis.;  probably  shows 
Irving's  "deposited  quartz."  It  is  also  probably  from  this  that 
Whitfield's  PattEocmtEa  Irvir^  was  obtained.  See  Vol.  IV,  p. 
173,  Geology  of  Wisconsin. 

No.  863.  St.  Peter  sandstone,  from  the  small  island  in  the 
Minnesota  bottom-lands  near  Fort  Snelling.  cemented  with  iron 
and  ("deposited"!)  silica,  so  as  to  be  bard  and  show  different 
colors. 
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THE  HUMBOLT  SALT  WELL  IN  KITTSON  COUNTY  * 


It  has  been  knovii  for  many  years  that  copioos  salt  springs 
existed  in  the  valley  of  the  Bed  river  of  the  liTorth.  From  their 
abandanee  several  streams  have  been  named,  as  Bait  river,  and 
"Hivierfi  8al6."  Some  of  these  springs  are  in  Dakota,  some  in 
Minnesota,  and  others,  probably  the  most  namerons  and  copious, 
are  in  Manitoba.  Some  of  the  earliest  French  explorers,  notably 
Sieur  Dn  Lnth,  mentions  the  foot  that  the  Indians  exhibited  salt 
Thich  they  said  had  been  obtained  in  the  vicinity  of  certain 
lakes  in  the  western  prairies,  said  to  be  fifteen  or  twenty  days 
travel  ftirther  west 

Prof.  Henry  Yonle  Hind,  in  bis  reports  on  the  Asstnibolne  and 
Saskatchewan  exploring  expedition,  in  1859,  has  sammarized 
the  principal  fiicts  respecting  these  springs  and  tbe  salt  deposits 
of  the  valley  of  the  Bed  river  of  the  North.  They  had  been 
made  known  in  Dakota  and  Minnesota  by  Prof.  Keating  In  1823, 
who  accompanied  Major  Long  to  the  "Sonrces  of  the  St.  Peter's 
river  and  lake  Winnipeg."  At  that  early  date  five  hundred  dol- 
lars had  been  made  by  a  single  individual  &om  the  sale  of  salt 
mannfoctnred  in  one  summer  near  Pembina.  The  country  was 
so  permanently  and  extensively  saline  that  the  characteristic  Sa- 
licoraia  herbacea  was  foond  growing  abundantly  in  its  natnral 
wild  state,  the  only  inland  locality  known  west  of  the  Ouandags 
salt  springs,  in  New  York.  In  1859  the  manu&cture  of  salt  from 
springs  in  Manitoba  was  carried  on  profitably  for  the  Hudson's 
bay  company,  at  Swan  river  and  at  Winnip«£Osis  lake,  the  meth- 
ods of  manniactnre  being  of  the  rudest  kind. 

South  of  the  international  boundary  several  deep  wells  have 
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been  sunk  vithin  a  few  years  for  the  purpose  of  getting  a  sap- 
ply  of  water  for  stock  and  forming  purposes.  Some  of  these 
have  given  an  artesian  overflow  of  brine.  The  first  of  this  kind 
in  Minnesota  was  snnk  at  St.  Vincent,  which  is  on  the  Bed  river 
of  the  North  at  the  croselug  of  the  international  boondary. 
This  well  was  166  feet  deep,  and  only  penetrated  the  drift  depos- 
its, the  greatest  thicknefis  being  taken  up  with  a  fine  lacustrine 
clay,  112  feet  in  perpendicular  thickness.  Under  this  was  found 
to  be  coarse  gravel  and  sand  which  afforded  a  copious  overflow 
of  salt  water.  This  water  was  not  carefdlly  analyzed,  though 
Dr.  Perley,  at  Fort  Pembina,  made  tests  enfficient  to  show  it  was 
a  brine  principally  of  chloride  of  sodium,  but  contained  a  con- 
siderable quantity  of  magnesium  and  calcium. 

Recently  another  well  has  been  sunk  on  the  Valentine  &rm, 
at  Humboldt,  about  six  miles  southeast  fi-om  St.  Vincent,  on  the 
line  of  the  St.  Paul,  Minneapolis  &  Manitoba  railway.  This 
also  gives  a  strong  salt  water,  which  rises  under  natural  hydro- 
static pressure  several  feet  above  the  ground.  The  water  is 
clear,  and  eflfervescea  slightly  on  exposure  to  the  air  and  the  re- 
moval of  the  pressure. 

The  section  peuetrated  by  this  well  was  the  same  as  that  at  St. 
Vincent,  but  extends  much  deeper.  The  salt  water  was  found 
to  rise  flrst  from  a  bed  of  gravel  and  sand  at  a  depth  of  165  feet, 
but  in  small  quantity.  Between  170  feet  and  180  feet,  the  flow 
of  brine  became  very  copious,  rising  from  a  coarse  gravel  and 
sand  pertaining  to  the  drift.  The  object  of  the  well  being  to  ob- 
tain water  for  the  use  of  the  farm,  the  drill  was  sunk  deeper.  It 
at  once  entered  a  dolomitic  limestone,  which  was  found  to  be  295 
feet  thick.  This  has  a  gnilD  and  color  like  that  which  is  known 
as  the  St.  Lawrence  limestone  in  the  Mississippi  river  blof^ 
Beneath  this  was  found  a  saccharoidal,  siliceous  sandstone  of 
rounded  grains  of  quartz,  that  still  furnished  a  flow  of  salt 
water,  which  rose  with  still  greater  force.  The  drill  then  entered 
greenish  and  reddish  shales,  some  of  these  being  of  a  reddish- 
■  umber  color.  Fragments  from  the  pnmpings  show  this  shale  is 
slightly  unctuous,  gritless,  and  compadily  impervious,  resem- 
bling the  red  shale  which  has  been  penetrated  in  a  number  of 
deep  wells  in  the  state,  and  been  found  to  have  a  great  thick- 
ness; notably  the  well  at  Mankato  in  the  Minnesota  valley. 
While  this  shale,  as  shale,  is  impervious,  it  is  interbedded  with 
red  sandstone,  particularly  in  its  upper  portion,  and  from  these 
beds  of  sandstone  may  rise  an  artesian  flow  of  fresh  water.  At 
the  time  of  my  visit  it  had  been  entered  but  forty-six  feet. 
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Mr.  C.  7.  Sidener,  of  the  DiiiTersity  of  Miaueeota,  analyzed 
this  brine,  and  has  reported  the  following  composition  of  the 
Bolable  mineial  ingredients: 

OntnipergiL 

SilicA. _ 12.15 

Alnminiim  oxide S.38 

Carbonate  of  iioo 1.08 

CklQiuii  Bolpbate 118.08 

CUdniD  Chloride 156.6C 

Magneainm  Sulphate _ 71.12 

Mi^fneeiaiii  carbonate - 76.60 

MagnewQiQ  chloride 91.44 

PutaMnin  chloride _ 42.26 

Sodinm  chloride „  2764.99 

Tot«l  mineral  ingredienta _ 3336.66 

Of  the  mineral  ingredients  this  gives  82.8  per  cent  chloride  of 
Bodiam,  the  rest  being  largely  made  up  of  the  earthy  chlorides 
of  calcium  and  magneeitini,  and  the  sulphate  of  lime.  This  gives 
it  more  than  the  average  per  cent  of  chloride  of  sodinm  foand 
in  the  Michigan  brines,  while  the  total  solid  matter  ia  solution 
is  only  from  one-third  to  one-half  as  much. 

There  is  an  interesting  question  presented  by  these  salt  springs 
and  deep  wells,  of  the  Red  river  valley,  viz. :  Prom  what  for- 
mation does  the  brine  issue  primarily!  Professor  Hindinferred, 
from  the  great  predominance  of  the  salt  springs  over  the  rocks 
of  the  Devonian  age,  along  the  soathwesterly  side  of  lakes  Win- 
nipegoBis  and  Manitoba,  that  the  brine  issues  from  the  rocks  of 
the  Devonian.  He  rather  discourages  the  expectation  of  car- 
boniferona strata  in  the  r^on  explored  by  him,  saying  that  "it 
appears  tolerably  certaiu  that  the  carboniferoos  series  is  not 
represented  in  the  only  loctdity  where  it  may  be  looked  for  with 
much  chance  of  sneceSB."  Sir  Boderick  Mnrchison,  however,  in 
his  address  before  the  Boyal  Geographical  Society,  on  the  results 
of  the  *'  Palliser  expedition,"  distinctly  states  that  it  is  definitely 
settled  that  in  the  western  portion  of  the  Saskatchewan  valley  the 
Devonian  rocks  are  overlain  by  oarboniferons  strata.  It  seems 
reasonable  to  infer  that  these  carboniferous  strata  extend  far 
enongh  southeasterly  to  occupy  the  unobserved  interval  of  four 
hundred  feet  of  strata,  stretched  over  a  space  of  ten  miles  in 
breadth,  "between  the  salt  springs  south  of  Dauphin  lake,  and 
the  outcrop  of  the  cretaceous  shales  on  the  fianks  of  Biding  moun- 
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taio."*  The  gypseous  and  salt-beaniig  fonuatioii  of  Michigan 
nught  oocnpy  tbia  interral.  That  the  salt  vator  iBBoee  from  near . 
the  summit  of  the  Devonian,  if  from  the  Devonian  at  all,  is  ad- 
mitted b;  Profeeaor  Hind.  In  order  to  issne  thns  along  the  som- 
mit  of  the  Devonian  ontcrop,  it  mnst  be  confined  in  some  superior 
basin.  ProfesBor  Hind  also  brought  home  a  spedmen  of  pro- 
ductus,  which  had  been  given  him  by  a  half-breed,  who  had  ex- 
traeted  it  from  "solid  rock;"  but  he  is  disposed  to  discredit  the 
authenticity  of  this  reported  "solid  rock,"  and  to  refer  the  fossil 
to  some  bonlder  transported  from  the  sonth  by  floods  and  ioein 
the  Bed  river,  although  Mr.  Billings,  who  examined  it,  says  that 
"there  seems  to  be  evidence  of  the  existence  of  at  least  a  portion 
of  the  Carboniferons  system  in  this  region."  The  salt-bearing 
beds  of  the  Carboniferoos  in  the  state  of  Michigan  have  since 
been  brooght  to  light,  and  they  yield  that  state  a  very  important 
source  of  wealth.  Had  this  feet  been  known  by  Professor  Hind, 
it  seems  to  me  he  wooldnotBosammarilyhave  dismissed  the  idea 
of  Carboniferons  salt-bearing  strata,  and  all  other  CarboniferooB 
strata  so  plainly  indicated  by  the  single  specimen  ofprodactta. 

The  horizon  from  which  the  brine  issues  at  Humboldt  appears 
to  be  in  the  Cambrian.  It  seems  to  pervade  several  geological 
horizons,  &om  the  sammit  of  the  Devonian  downward  to  the 
Potsdam — but  only  superficially,  the  original  source  being 
higher  than  the  Devonian.  It  is  confined  by  the  overlying  sheet 
of  impervious  clay  of  which  the  drift  mainly  consists  in  the  Bed 
Biver  Valley,  and  is  held  under  hydrostatic  pressure  by  the 
downward  pressing  fresh  wateis  that  enter  the  same  pervions- 
gravel-and-saud  stratum  at  higher  levels  toward  the  east,  south 
and  west.  Where  the  salt  springs  occur  it  finds  escape  to  the  sur- 
face through  openings  in  the  day-sheet.  These  springs  seem  to 
be  most  frequent  and  copious  in  Manitoba,  along  a  belt  of 
eooutry  running  east  and  west,  where,  for  some  reason,  the  drift- 
sheet  is  much  less  thick  than  it  is  furiher  sonth.  That  brine  so 
pare  and  so  strong  should  be  found  at  so  gnat  a  distance,  both 
Btratigraphically  and  geographically  from  its  source,  indicates 
the  purity  and  strength  of  the  brine  in  its  native  strata. 

It  remains  for  the  future  to  determine  whether  these  salt  de- 
posits shall  become  economically  of  importance  to  the  North- 
west.   It  is  certainly  the  dictate  of  wisdom  to  give  them  a  thor- 
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ODgh  examination  and  a  fiur  trial.  If  these  brines  originate  in 
CarboDiferoas  strata  that  strike  through  the  base  of  Biding 
Mountain,  they  can  easily  be  discovered  in  their  native  place. 
If  those  strata  exist  in  that  locality  the  strongest  brine  voold 
naturally  be  fotmd  by  sinking  veils  into  them  at  some  point  far- 
ther tOTrard  the  sooth  and  south-west. 


A  sample  of  salt  made  from  this  weU  was  exhibited  at  the  TSev 
Orieans  Industrial  and  Cotton  Centennial  Exposition,  this  being 
the  first  ever  made  &om  brine  native  to  the  state  of  Minnesota. 
It  was  famished  by  Mr.  Valentine. 

Section  of  the  mtmbiOt  aait  WeU. 

This  well  is  on  the  line  of  the  St.  Paul,  Minneapolis  &  Mani- 
toba railroad,  near  St.  Vincent,  in  Kittson  county,  S.  j  of  sec.  23, 
T.  163,  50,  five  miles  east  of  the  Red  river  of  the  North,  and 
four  and  a  half  miles  south  of  the  international  bonndary.  It 
is  seven  feet  above  the  highest  known  flood  stage  of  the  river, 
i.  e.  for  ten  years. 

1.    Soil  (8-12  inchee  black) 4  Eaet. 

3.  LAcoatrime  clay,  with  lime  concretioiiB,  appertaining  to 
lake  Agwwig.  Tn  this  is  found  good  snriace  water,  and  many 
wells  stop  is  it.  It  is  aomewhat  pervioiu  to  water,  go  much  so 
that  it  sometimee  allows  free  entnnce  of  good  water.  It  is 
very  fine  and  can  hardly  be  oaUed  sand,  though  it  is  probably 
the  same  as  called  sand  at  the  Lockhart  &nii 4- 16  feet 

3.  The  same  deposit  as  the  last,  but  more  impervioos,  henoe 
more  moist,  darker  colored,  gritlen,  and  thought tA  be  (wrongly) 
the  cause  of  foal  water.  ,Tbis  la  tst?  alippeiy,  rather  darker 
than  can  be  called  "bine  clay,"  yet  is  apparently  a  downward 
continnation  of  the  last 10-140 feet. 

4.  Pebbly  bias  till;  a^t  wat«r  at  166  feet  in  small  qnan- 

tity 140-160feet. 

5.  Drift  gravel  and  Bond,  supplying  an  abnndant  discharge  of 
salt  water,  flowing  over  the  snrfoce.  Thie  is  mainly  a  gray  sand, 
bnt  contains  drift  pebhlee  aa  large  as  an  inch,  mainly  of  lime- 

stone _    170-180foet. 

6.  Dolomitic  limeatone,  of  a  groin  and  texture  like  the  low- 
er masnesian  of  sontheBstem  Uionesota,  in  fragments  obtointid 

by  driving  a  pipe  into  the  diilied  bole;  of  a  bnff  color 180-190  feet. 

7.  Powder,  of  the  color  of  the  last ;  efferreeoce  in  NOj ;  snp- 
poeed  to  be  the  drlUiDgs  obtained  from  the  same  rock  at  greater 

di^tb;  very  fine  and  unideutiflable  by  the  naked  eye ISO-SOOAeb 
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8.  Powd^  efbrresciiig  rapltUy,  contunlng  some  flue  £rag- 
meata  of  a  oompoot  flne-gmned  limerock  of  a  eUghtl;  reddish 

cut 300-400  feet. 

9.  Fine  drillings  of  a  raddiah  limerock  of  shale,  with  Bome 
grains  of  whlt«  tjoartE.     When  washed  the  graliiH  are  seen  to 

be  mainly  of  limestone 400-175  feet 

10.  Beddiah  eand,  of  roondcd  qiiarta  grains.     The  flow  of 

saltwater  Increased 475- 500  feet 

11.  White  sand,  of  ronnded  qoarta  grains.     Flow  of  water 

atill  fttrther  incrcAeed 600-533  feet. 

12.  Falntl;  reddish  qoarte  sand,  in  ronnded  grains 533-546  teet. 

13.  "Soapfltone"  shale,  slippery,  red  and  green,  apparently 
in  some  altarnation,  the  only  representatiTee  of  this  being  in 
mnnnm  of  powdered  rock  and  fiagments  that  adhered  to  the  aldee 
of  the  drill.    When  washed  the  gnkins  consist  of  reddish  and 

gray,  or  grayish-green  shale  with  considerable  white  sand.. S46-550feet. 

14.  The  same  in  condition  of  wet  paste,  having  a  dark  gr&y 

color _    650 -556  feet. 

16.     The  same,  reddish-brown,  or  nmber-brewn 556-500  feet. 

16.  Tlie  same,  brown,  hut  containing  grains  of  a  white  min- 
eral which  in  the  air  turns  to  a  white  powder.     It  efferreeces  in 

nitric  acid 660-671  feet. 

17.  The  same,  bat  having  a  more  lilieral  intermlxtnre  of  a 
green  color,  so  se  to  be  in  general  considerably  lighter.  When 
washed  this  shows  many  bits  of  dark  green  shale,  and  also  some 

of  brown,  as  well  as  wbi to  sand „    ffTl -592  feet. 

18.  Greenish-gray  shale,  thesamoasNo.  13 602-610feet. 

19.  Greenish  shale,  contidning  bits  of  grayish  qnartcyte  that 

fbebly  effervesce  in  hydrochloric  acid.      This  is  nnwashed 610-636  feet 

SO.     The  same  nnwashed 836-636  feet 

21.  Washed  grains  consisting  mainly  of  ronnded  qnartz 
(6om  above),  angular,  opaqne,  gray  quarts,  freshly  &actnred, 
and  nnmerone  scales  and  masnes  of  mica.  It  appears  as  if  the 
rook  here  strnck  is  a  greenish-gray,  foliated,  micaceona  qnarte- 
schist 638-639  feet. 

32.  Washed  drillings,  oonsistlng  mainly  of  bite  of  angular 
qnarte  (some,  however,  are  rounded,  probably  fromabove),  black 
mica  scales,  and  angular  grains  of  flesh-ooloied  orthodase,  and 
a  white  feldspar,   evidently  one  of  the  I^nrentian  gninitee  as 

aeen  at  the  Lake  Of  the  Woods 639-641feet 

33.  The  same,  but  cut  much  finer,  and  showing  rarely  a 

greenish  scale  SB  if  of  talc 641 -044  feet 

The  boring  ceased  at  644  ttmt. 

Other   deep  weUs  in   the   valley  of    the   Bed  river  of  the  North. 

Further  information  respecting  artesian  and  other  doi-jj  w-t-lls 
in  the  northweetem  part  of  the  state,  and  particularly  in  iLe 
valley  of  the  Bed  river  of  the  2Torth,  is  contained  in  the  sixth 
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annnaJ  report,  in  the  e^bth  anDual  report  (page  113),  in  the 
uinth  aimaal  report  (page  166),  in  the  eleventh  annnal  report 
(page  146),  and  in  the  following  letter  from  Mr.  Springer  Har- 
baogh: 

St.  PAni,  Mink.,  March  20,  1885. 

Prof.  N.  S.  WtncA^B,  State  Geoloffist  of  Minnesota: 

Deae  Sie:  You  have  asked  me  to  give  my  experience  re- 
garding artesian  veils  in  the  Bed  BJver  valley,  as  well  as  other 
matters  that  have  come  nnder  my  observation  in  this  compara- 
tively new  and  nndeveloped  coantry.  I  will  gladly  comply  with 
yottr  request,  and  if  I  can  impart  any  information  that  will  be 
of  interest  to  your  constitnency,  or  the  country  generally,  I  will 
be  indeed  gratified  in  so  doing.  We  commenced  onr  first  fiirm- 
ing  operations  on  the  Ke^tone  iarms,  located  in  Polk  connly, 
Minn.,  and  on  the  Lodchart  forms,  located  in  Norman  county, 
Minn.,  in  the  spring  of  1880.  The  first  matter  that  demanded 
our  attention  was  to  find  water  for  the  large  amoont  of  stock  re- 
quired in  our  operations.  We  sank  and  curbed  at  both  places 
several  wells  to  the  depth  of  from  forty  to  sixty  feet,  and  found 
an  inexhaustible  supply  of  water  in  all  of  them.  In  some  of  the 
wells  tJie  water  came  up  to  within  a  few  feet  of  the  top,  and  at 
first  it  was  sweet  and  good,  but  after  a  few  days'  standing  it  be- 
came BO  obnoxious  that  it  was  not  fit  for  man  or  beast  to  drink. 
We  then  conceived  the  idea  of  drilling  down  a  greater  distance 
and  casing  with  six-inch  pipe.  Our  first  effort  was  made  at  the 
Lockhart  farms,  in  1880.  After  reaching  a  depth  of  about  one 
hundred  and  sixty  feet  we  struck  an  extraordinarily  heavy  flow 
of  water,  apparently  sufficient  to  propel  a  miU  with  one  set  of 
burrs.  At  a  distance  it  had  the  appearance  of  a  monument 
thirty  or  forty  feet  high.  Daring  the  winter  of  1880-81  the  pipe 
of  this  well  became  filled  np  with  gravel  and  sand  and  stopped 
flowing.  We  endeavored  to  clean  it  out  in  the  spring  of  1881, 
but  the  well  driller  lost  his  drill  in  the  pipeand  it  became  so 
imbedded  in  the  sand  and  gravel  near  the  bottom  that  he  was 
unable  to  extract  it  with  his  inadequate  appliances,  and  we 
drilled  another  weU  a  short  distance  from  the  first  and  struck 
water  at  about  the  same  distance  down,  of  large  flow,  but  not  so 
heavy  as  our  first  well,  and  which  still  keeps  up  a  r^ular  and 
undiminished  supply,  which  we  have  carried  into  our  buildings 
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tbrongh  pipes,  and  thns  we  have  a  great  aboDdanee  of  water  of 
the  purest  character  for  all  domestic  pnrpoees.  Fearing  that  we 
might  again  have  troable  and  possibly  the  pipe  again  become 
obstructed,  we  enbseqaently  drilled  another  well  at  our  Lock- 
hart  &rm  headquarters  about  seven  hundred  feet  distant  iVom 
our  first  well,  and  struck  water  at  about  the  depth  of  one  hun- 
dred and  thirty-seven  feet,  and  the  flow  and  pressure  was  alarm- 
ingly heavy.  Within  tWMity-four  hours  the  water  found  vent 
alongside  the  pipe,  ntaking  a  lEU^e  hole  and  iairly  boiling  up  in 
such  lai^e  and  alarming  quantities  that  we  soon  became  inan- 
dat«d,  and  we  at  once  concentrated  a  lai^  force  of  ditchers  from 
St.  Paul  and  the  neighboring  towns,  and  constructed  ditches 
several  miles  to  the  w^t,  to  carry  off  the  surplus  water.  Alter, 
say  a  couple  of  weeks,  this  heavy  flow  somewhat  ceased,  and  has 
since  been  principally  confined  to  the  pipe  with  only  a  moderate 
and  controllable  quantity  coming  to  the  surfece  outside  the  pipe. 
This  flow  through  the  pipe  is  still  heavy  and  strong,  and  could 
be  carried  through  hose  to  the  highest  points  of  most  any  build- 
ing. We  sunk  other  wells  on  this  farm,  and  cased  with  three- 
inch  pipe,  and  have  quite  heavy  flows  of  pure,  semi-soft  water. 
At  the  Keystone  ihrms,  in  town  152,  range  48,  daring  and  since 
1881  we  have  drilled  eight  artesian  wells,  and  they  all  have  reg- 
ular, continuous  flows  of  pure,  good,  semi -soft  water.  With  onr 
first  wells  we  used  six-inch  pipe,  then  three-inch  pipe,  and  sub- 
sequently two-inch,  which  we  regard  sufficiently  heavy  for  form 
use.  We  struck  water  on  this  farm  at  from  ninety-fire  to  one 
hundred  and  twenty  feet,  with  one  exception,  where  we  reached 
water  at  one  hundred  and  fifty  feet.  At  one  point  of  this  farm 
where  the  land  is  elevated  about  five  feet  above  the  sun-ounding 
country,  we  drilled  several  test  wells  and  found  brackish  arte- 
sian water  at  the  depth  of  ninety  feet,  which  we  abandoned.  We 
then  determined  to  drill  considerably  deeper,  and  struck  a  pretty 
heavy  artesian  flow  of  milky,  brackish  tasting  water,  at  the 
depth  of  two  hundred  and  ttty  feet,  which  we  immediately 
abandoned,  and  then  selected  a  point  on  lower  ground,  1,200  feet 
distant,  and  found  good  artesian  water  at  about  the  depth  of  one 
hundred  feet.  We  have  now  eleven  good  and  satisfactory  arte- 
sian wells  on  both  iiirms.  In  drilling  these  wells  we  penetrated 
through  strata  of  earth  about  as  follows:  First  through  the  usual 
black  loam  irom  one  and  a  half  to  three  feet  in  depth;  then 
through  a  lightish  clay  marl  from  five  to  seven  feet  in  depthj 
then  through  a  blue  clay  varying  f^om  thirty  to  sixty  feet  la 


cyizuj  ./Google 


STATE   6EOLOOI8T.  49 

depth;  then  a  stratum  of  hard  pan;  then  sand,  and  finally  gravel, 
wheD  water  U  generally  struck.  Between  these  strata  we  gen- 
erally passed  through  intermediate  seams  of  quicksand  and  also 
seams  of  gravel.  I  will  at  this  point  state  that  the  light  clay 
marl,  as  well  as  the  blue  'day,  appears  to  be  fally  impregnat«d 
and  mixed  with  all  the  chemical  and  fertilizing  elements  requi- 
site to  produce  the  peculiar  kind  and  quality  of  grain  that  is  be- 
coming so  valuable  and  necessary  for  human  food.  I  claim  that 
our  subsoils  are  strong  and  valuable  fertilizers.  The  blue  clay 
when  first  brought  up  is  pliable,  greasy,  and  of  a  pnttyish  na- 
ture, and  when  exposed  to  the  air  and  dried  it  makes  a  valuable 
dressing  for  the  lan4.  It  is,  therefore,  fair  to  suppose  that  we 
have  our  fertilizing  elements  immediately  uuder  us  for  all  time 
in>  come,  and  which  gives  inestimable  value  to  the  lands  of  the 
Bed  Eiver  Valley  and  our  Northwestern  country.  I  am  advised 
that  the  formers  of  Clay,  Norman,  and  Folk  counties  are  sink- 
ing a  great  many  wells,  and  have  generally  been  succeesAil  in 
obtaining  good  artesian  flows  of  pure  water. 

Before  closing  this  communication  I  beg  leave  to  call  your  at- 
tention to  the  matter  of  natural  gas,  which,  as  you  are  aware,  is 
attracting  the  attention  of  the  people  of  Western  Pennsylvania, 
West  Virginia,  and  Nortiieastern  Ohio,  and  working  such  a 
marvelous  revolution  in  utilizing  it  for  fuel  and  heating  purposes 
in  those  sections  of  our  country,  and  to  such  an  extent  that  it  is 
largely  taking  the  place  of  coal  in  the  various  large manuiacturing 
establishments  and  in  private  families,  at  a  comparatively  small 
cost  as  compared  with  even  the  present  cheap  fuel  of  those  sec- 
tions. This  natural-gas  is  obtained  in  drilling  to  the  depth  of  &om 
1,500  to  2,000  feet,  and  is  frequently  conveyed  in  pipes  very  many 
miles;  the  pressure  varies,  but  it  is  extremely  heavy.  I  merely 
advert  to  this  matter  to  give  you  scientists  and  thinkers  a  little 
food  for  reflection.  Is  there  any  probability  of  our  findingnatnral 
gasandreachingitatanypracticable  working  depth  in  this  north- 
western country  T  lamimpressed  with  the  belief  that  our  good  Cre- 
ator has  something  in  reserve  for  us,  and  that  thisgreat  and  good 
country  will  not  have  to  be  dependent  forages  upon  distant  local- 
ities for  this  all  important  element  to  the  comfort  of  mankind. 
Whilst  it  may  be  scientifically  thought  that  Minnesota  is  located 
outside  the  belt  where  natural  gas  can  be  reached,  I  am  still 
deeply  impressed  with  the  belief  that  efforts  should  be  made 
whereby  the  question  can  be  practically  tested,  and  at  least  use 
the  means  to  the  end  hoped  tor.    Very  respectfully, 

7  Speingee  Haebauoh. 
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THE  DEEP  WELL  AT  LAKEWOOD  CEMETERY, 
MINNEAPOLIS. 


ThJB  veil  IB  situated  on  the  sontli  side  of  the  cemetery,  near 
the  begiDDing  of  the  tamarack  swamp,  which  connecte  lakes 
CaUioun  and  Harriet,  but  on  high  ground,  abont  50  feet  above 
the  lake.  It  is  75  feet  above  the  Milwaukee  depot,  or  abont 
900  feet  above  the  sea. 

The  following  general  statement  of  the  drift  was  obtained  from 
the  Saperinteodent  (F.  M.  Gray)  and  from  observations  on  the 
drillings  as  they  were  shown  during  the  progress  of  the  work. 
Samples  of  these,  and  of  the  rock  strata,  to  the  bottom  of  the 
well  have  been  preserved  and  are  deposited  in  the  General 
Museum  for  fixture  reference  and  verification: 

1.  Gravel  and  eAoA  ;  mainly  referable  to  the  bine  till  m  its 
Mnroe.  It  is  suitoble  for  road-making;  the  npper  portion  of 
tiuB,  not  noticed  b;  Hr.  Gray,  consists  of  jellow  loam,  sncli  as 
covers  the  moat  of  tbe  coantr}',  making  the  soil,  having  a  thick- 
ness of  1-4  feet.....' 135  feet. 

2.  Yellowiah,  oohery,  or  rnsted  claj  in  which  the  stones, 
and  all  boulders,  one  of  which  was  broken  and  faninght  np  in 

bagments,  hs«e  a  feimginous  ooating  or  wetrtbering 135-138  feet 

[This  seems  to  have  been  the  bottom  of  the  old  preglacial 
(ratherinterglacial)  river  gorge.  It  is  evinced  bythisweatbered 
material.  A  bonlder  of  syenltic  gneiss  as  large  as  a  man's 
flst,  whi(^  was  sold  to  have  been  brongltt  np  in  the  pump,  was 
exhibited  b;  the  men  at  work.  It  was  weathered  and  looked 
so  mnch  like  «  sorface  pebble,  snch  as  cui  be  fonnd  aajwbere 
now  on  tlie  top  of  the  gronnd,  that  at  Bnt  this  statement  was 
disbelieved.  Bnt  when  the  Snperinteodeot  showed  a  piece  of 
hard  gray  granite,  evidently  fi^ahly  fractnred  by  the  drUI,  bar- 
ing a  red  weatbered  exterior,  I  was  inclined  to  believe  that  the 
pebble  of  gneiss  also  may  have  oome  from  this  depth.] 

3.  Blnetai 138-812  feet. 
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4.  Gravel  and  Rand  nod  blnelUl.  This  was  changeable,  and 
■eemed  to  be  tn  if  iuterstratifled,  bnt  of  conrae  thai  conid  not  be 

stated  on  tbe  basis  simply  of  tbe  pumpings^ 212-348  feet. 

5.  Boulders  of  Trenton  limestone,  and  of  granite,  witli  some 
sand  all  more  or  less  involved  with  some  blue  till.  The  rock 
was  (track  next  below  this,  and  at  a  depth  of  204  feet  baueatb 
the  snr&ce.  This  depth  seemj  to  demonstrate  the  existence  of 
some  great  excavation  in  the  strata,  probsblj,  as  supposed  iu  the 
report  on  Hennepin  Connty,*  the  old  gorge  of  the  Mississippi 

river,  at  least  in  interglacial  times 248-256  feet. 

6.  Qnartzose  sandstone,  in  friable  strata  or  massive,  com- 
posed of  ronnded  grains  of  pnre  qnartz 356-376  feet. 

7.  The  some 276-399  feet, 

8.  The  same 296-318  feet. 

8.     At  the  depth  of  318  feet  about  one-half  of  the   washed 

drillings  are  found  to  couaist  of  dolomitic  rock,  and 
the  rest  of  the  same  white  sand.  Some  of  the  coarser  Orag- 
ments  show  that  thid  dolomite  is  compact,  fiae  gMiued,  of  a  yel- 
lowish-graj  color,  approachiug,  in  both  respects,  some  of  the 
strata  of  the  Cambrian.  Occaeioual  fragments  of  crystalline 
rock,  found  in  the  drillioga  here,  and  before,  evidently  are  de- 
rived from  the  drift  below  the  point  at  which  the  pipe  etanda  on 
the  boulders,  etc.,  of  No.  5 318-330  feet. 

10.  At  335  feet  the  pnmpiogs  consist  almost  entirely  again 
of  white  sand.    Hence  the  dolomitjc  layers  seem  U>  have  been 

not  greater  than  ten  feet  in  thickness 330-336  feet. 

[At  this  point  some  pebble  or  other  obstrnction  in  the  drill- 
hole caught  the  drill  and  caused  the  breaking  of  one  of  the 
wooden  poles,  and  a  delay,  the  drill  being  lodged  aod  wedged 
fast.  When  the  drill  was  got  started  again  and  the  pnmpings 
were  preserved,  the  samples  exhibited  (Aug.  15)  were  said  to 
have  come  from  the  depth  of  360  -  403  feet,  and  nothing  was  said 
of  the  interval  between  the  last  preserved  record  (325  feet)  and 
360  feet  Hence  there  is  no  certainty  whether  it  contained  drill- 
ings like  those  at  335  feet  or  at  360  feet.] 

11.  Slightly  red,  fine  grained,  dolomitic  rock,  of  homogene- 
ous charactera. 360-403  feet. 

13.  Aboat  one-half  of  the  drillings  are  like  the  lost,  and  the 
rest  are  of  ronnded,  white,  translucent,  quartz-grains  like  the 
next.  It  is  probable  that  the  mixture  is  occasioned  by  the  in- 
fTeqneocy  of  the  pnmping,  and  not  by  an  original  mixture  in 
the  rock.  The  transition  (h)m  dolomite  to  sandrock  took  place 
in  this  interval 403-416  feet. 

13.  Translucent,  rounded  grains  of  quartz,  almost  nothing 

else ;. 416-484feet. 

14.  The  some  as  the  last.  At  the  time  of  this  visit  the  work- 
men exhibited  some  fragments  cousistiug  of  white  chert  coated 

*  Fifth  AnDiul  Report,  pi^  ITT. 
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with  fine  rhombohedroue  of  dolomite  of  tbe  same  reddish  color 
08  tbe  rock  at  No.  11,  wltb  a  few  scattered  cnbea  of  pfrite,  bnt 
Ui«j  could  not  aMlgn  aoy  defioite  horizon  to  them,  sajiDg  tbej 
picked  them  out  of  the  pampings.  They  are  probably  from  the 
reddiah  dolomite,  but  ma;  be  trom  the  top  of  the  saadrock  when 
the  passage  from  one  to  the  other  is  apt  to  alternate  from  saod- 
i«ck  to  dolomite  in  thin  beds  acoomponied  by  chert 424 -434 feet. 

14.  White  qoartz  sand,  roonded 434--4S1  fetrt. 

16.  Whit«  qnartz  sand,  with  traces  of  light  gieen  shale,  and 
occasional  small,  aggregated,  clustered,  cnbeeof  pyrite,  thedns- 

t««  being  about  tbe  use  of  mustard  seeds 481-504  feet. 

15.  White  quart*  sand,  rounded,  with  some  green  shale.  In 
maas  this  does  not  appear  so  clearly  while  as  the  last  two,  bnt  a 
dirty  white,  apparently  dne  to  some  M>ft,  colored  material 
gronnd  np  by  the  drill,  which,  on  getting  dry  cements  Ihe  sand 

grains  into  i^agile  lumps 504-568  feet 

17.  White  sand  and  green  sand,  the  latter  mainly  ground  to 
a  fine  powder,  so  as  to  stain  the  whole  and  nuke  a  greenish, 
ftagile,  loose  mass,  when  dry.  Some  of  tbe  green  sand  is  like 
the  distinct  green  sand  Inmps  seen  in  the  St.  Croix,  at  Red 

Wing 658-607  feet. 

[The  interval  an  represented  by  drillings,  from  607  fret  to  694 
feet,  probably  was  made  up  of  the  same  as  the  lost,  or,  perhaps, 
more  like  the  next.] 

18.  Whitesand 694-763f«et 

19.  Uainly  white  sand,  bnt  having  a  mixture  of  other 
grains  that  are  not  silica,  and  of  a  heavy  cementing  snbstance 
that,  when  dry,  wems  to  be  a  powdered  rock  of  some  sort,  of  a 
light  bnff  and  pinkish  color.  The  mass,  however,  does  not  ef- 
fbrreece.     Some  scattered  grains  are  green  and  soft,  and  may  be 

the  source  of  the  coloring  cement 763-780  feet. 

20.  Green  clay  or  shsle;  non- effervescing,  very  fine  grained..    780-935feet. 

21.  White  sand,  with  a  faint  yoUo wish  tint 936-1006feet. 

22.  Siliceous  sand,  with  a  faint  pinkish  tint,  rather  fine 1006 -1010  feet. 

2:).     Siliceons  sand,  with  a  deeper  pinkish  tint,  rather  coarse 

gndn,  some  of  the  grains  being  amethystine,  and  others  of  a 

light  yellow  color 1010-1060  feet. 

24.  Siliceons  sand  like  the  last,  bnt  of  a  lighter  color 1060- 1106  feet 

25.  Tbe  same,  but  cemented,  when  dry,  with  ground-up, 
reddish  shale,  probably  derived  from  some  beds  introductory  to 

the  next 1105 -1123  feet 

28.     Compact,  red  day,  or  shale,  like  that  seen  at  Fond  du 

Iac,  below  the  red  sand  rock,  and  interstratifled  with  it 1123-1167 feet. 

[At  some  places  between  1123  and  1167  feet,  several  pieces  of 
red  shale,  mottled  with  light  green,  were  brought  up  by  the 
pnmp.  Some  of  th>-se  are  two  inches  across.  They  are  fine- 
grained, gritless,  and  sparkle  with  fine  flakes  of  tele  or  mica. 
The  green  portions  of  this  shale  are  finer  groined  than  the  red,  and 
alaoan  harder.    The  rcdbas  a  powderthat  is  reddish-umber  in 
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color,  and  tbe  green  partn  have  a  powder  newly  white,  or  at 
least  greeniali-whitA.  Within  the  green  can  be  eeen,  nnder  the 
loop,  scattered,  distinct  grains,  of  much  darker  green,  nearly 
black,  which  are  abont  >a  hard  as  talc,  and  matth  easily  under 
prennre,  with  a  greenish  powder.  The  greenish  shale  seems  to 
be  snbcrystalline.  It  occnptee  patches  that  are  bittad  bnt  thin, 
and  coDstitDtea  but  a  small  partof  the  whole;  bnt  it  is  intimately 
blended  with  the  red  in  structure.  According  to  Mr.  Gny, 
this  reddish-brown  shale  gradually  became  harder,  and  at  1S36  feet 
it  wae  a  hard  rock,  and  continued  so  to  at  least  the  depth  of  1286 
feet,  where  the  drill  was  at  work  when  this  infonnation  was  ob- 

At  1236  feet  a  somewhat  harder  stratum  wan  reached.  The 
drillings  have  a  reddish  color,  bat  show  angalar  fragmenta  of 
gray  or  greenish  slaty  rock,  soft,  grittess,  glittering  with  fine 
flecks  and  reeembllng  Noe.  450  and  4^3  of  the  geological  aar- 
*ey  aeriee  (bine),  but  len  hard.  These  fragments  evidently 
show  the  natnre  of  the  rock  at  this  depth,  the  red  color  of  the 
drillings  being  caused  by  intermingling  with  material  from 
the  overlying  beds,  the  well  at  this  depth  not  being  piped.  Borne 
of  the  frsgmenlB  of  gray  or  light  green  shale  are  Hn  inch  across. 
The  sand  gr^ns,  andall  the  reddish  coloration,  are  undoubtedly 
from  the  higher  strata.  The  gray-green  shale  is  tragmental,  not 
crystalline,  except  aa  it  may  contain  grains  ftom  the  crystelline 
rocks,  glitters  with  light-colored  scales  of  mica,  macerated  by 
water  and  friction,  and  also  holda  ronuded  grains  of  a  green 
nbstance,  which  ontwordly  ia  nearly  black  but  within  is  much 
lighter,  and  which  masbes  easily,  evidently  the  same  substance 
aa  mentioned  already.] 

27.  Beddiab-brown  achiat,  bardneea  abont  fonr  and  one-half 
or  five,  with  a  gray  atreak  or  powder,  glistening  with  reflecting, 
minute  points  of  some  mineral  which  it  is  impossible  to  name, 
bntwhichmaybemicaecalea.  Thiahasthegeneralontwardaspect 
of  an  impnre  hematite,  bnt  its  powder  and  its  weight  show  it 
is  not  an  iron  ore  of  any  kind.  On  waehlng  a  considerable 
qoantitj  of  the  drillings  from  this  interval  (really  labeled  fh>m 
1260-1380  feet],  the  residue  conaiste  of  graiua  of  agreat  variety 
of  rocks,  demonstrating  that  great  care  must  be  taken  in  draw- 
ing inferences  from  the  appearances  of  the  drillings  furnished  by 
fhe  DBual  well  driller,  and  that  the  drillings  from  the  upper  por- 
tions of  the  well  are  constantly  mixed  with  those  derived  fh)m 
below,  in  such  abundance  often  aa  to  screen  entirely  the  true 
character  of  the  loweet  strata  from  the  notice  of  the  geologist. 
Th^grainainlhisinstanceconsiBt  of  the  following  kinds:  (1)  Con- 
spicuously, white,  limpid  sand.  (2)  Brownscbist,  witha  gray  or 
light  atreak,  making  thegreaterpart.  (3J  Soft  greenish  slate.  (4) 
Sed,  Hoftshale with  spotsof  green.  (6)  A  fewbitaof  anarkose-like 
sandstone,  witha  p«a-green  interior  color.  (6)  A  gray,  hard,flike- 
gr^ned  schist,  not  foliated  like  (2),  bnt  having  an  angular 
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fracture,  as  if  maauve,  and  (7),  A  aiagle,  large  piece,  of  a 
dark,  medinm'g;rauied,  mamive  rock,  like  a  diorrte.  These 
laat,  (8  and  7),  evidently  are  from  near  the  bottom  of  the  drill, 
«« thej  are  the  laat  to  appear  among  the  drill inga Itfi7-1400feet. 

SUMMARY  OF  THE  WELL  DRILLED   AT  THE  LAKE- 
WOOD  CEMETERY. 

1.  Drift,  1.-256  feet 256  feet. 

2.  White  sandrock,  256-318  feet -62  feet. 

3.  Dolomitic  rock,  318-403  feet 85  feet. 

4.  White  quartz  saudrock,  403-504  feet 101  feet. 

5.  White  quartzsand  and  green  sand,  504-780  ft.  276  feet. 

6.  Green  clay  or  shale,  780-935  feet 145  feet. 

7.  Siliceous  sand,  yellowish  or  pinkish,  935-1105 

feet 170  feet. 

8.  Soft  red  shale  and  sandstone,   with  greenish 

mottlings,  has  red  powder,  1105-1167  feet-.     62  feet. 

9.  Harder,  reddish-hrown   rock,  not  areuaceoas, 

a  schist,  has  light  gray  powder,  1167-1400 

feet 233  feet. 

The  boring  ceased  at  1400  feet. 

The   drilling  of  this  well  was  subsequently  continued  to  the 

depth  of feet.     At  1860  feet  the  washed  drillings  consisted 

lai^ely  of  white,  limpid,  rouaded  quartz  grains,  from  above,  and 
of  a  gray,  tough  crypto-crystalline  rock,  which  showed  the  na- 
ture of  the  rock  at  that  depth,  resembling  many  of  the  strata 
seen  in  the  rocks  at  Thomson  and  thence  to  Knife  Falls,  of  which 
the  surrey  numbers  four  hundred  and  sixty-nine  and  four  hun- 
dred and  seventy-three  might  be  mentioned.  Some  larger  frag- 
ments were  black  and  graphitic,  and  throughout  the  whole  were 
numerous  battered  films  of  metallic  iron  from  the  drill. 
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NOTES  ON  THE  ARTESIAN    WELLS  AT   MENDOTA. 

HASTINGS,  RED  WING,  LAKE  CITY  AND 

BROWNSVILLE,  AND  ON  THE  DEEP 

WELLS  AT  ST.  PAUL. 


The  tceU  at  Mendota  was  drilled  by  W.  E.  Swan,  and  the  fol- 
lowing designations  are  his.  The  point  at  which  the  well  be- 
gins is  sixty-five  feet  above  the  Mississippi  river,  within  the 
river  goi^e,  and  so  near  the  rock  bluff  composed  of  the  Trenton 
limestone  and  the  St.  Peter  sandstone  that  the  drill  encoantered 
some  of  the  old,  fallen  masses  of  the  limestone  at  some  depths 
below  the  top  of  the  St.  Peter,  which  is  visible  in  the  immediate 
blnfif  aboat  fifty  feet  distant.  The  St.  Peter  sandstone  rises  forty- 
seven  feet  above  the  top  of  this  well.  The  top  of  the  well  is 
abont  seven  hundred  and  fifty  feet  above  the  sea. 

No.   1.     LimeBtone.  [FalleBinBneBOf  the  Trenton  — N.  H.  W.]...  22  feet. 

No.  3.     Brown  sandrock 60  feet. 

No.  3.    BlneabAle 30  feet 

[TUB,  trhioli  bere  i«  de«ignat«d  bine  shsla,  is  probably  not  all  blue  ahale.  It 
bolda  the  plaoe  of  the  Bhakopee  limestone,  and  is  abont  on  the  horizon  where 
the  known  npper  stiala  of  that  formation,  about  a  mile  east  of  Hamilton,  with 
the  theoretical  dip  that  mnst  be  asanmed  toward  the  northeast,  woald  require 
the  Shakopee.  The  Shakopee  everywhere  in  Scott  and  Dakota  conntiee  cansra 
remarkable  boga,  indicating  the  imperrioiiB,  ahalj  nature  of  the  formation. 
Horeover,  it  beoomee  arenaceons,  aa  wellasHbalj,  aa  maybe  seen  atNorthfleld. 
Its  firmncee,  nnder  erosion,  is  rednced  by  these  qoalities,  and  it  also  is  less 
fteqaently  seen— N.  H.  W.]» 

*An»idlDg  to  Bai.  Jbids  Dobbin,  Ihe  foUowlog  ■IWrnillDna  ar)trua  wen  AwDd  tn  llnklDI 
a  well  M  tbe  BhuUaek  School,  Fulbiull,  indicmlliig  thit  Ihe  lop  ot  Ibe  Sbikopes  thers  -wta 
found  to  be  1  bias  ela; 6  reel  thick;  aaTwH.^  fMt;  llmerook, 2 1  r«et;  undiock,  117 feet;  iCUr, 
bine  DliT,  S  f^t;  fine.bioirn  und,  3  ftet;  itrtklng  a  rcrj  hud  itona,  wblcb  waa  nguded 
granlU,  but  vbich  tu  piobibly  the  llnnBr  dolomltla  bsdi  or  ths  ShikopM,  which  oin  be  mn 
In  Che  ytUtj  ottbe  CuiDon  rlTei,  ■  tew  mllii  further  north,  and  near  Ihe  Cannon  Valler  rdUar 

Bin. 
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Sondrock 35feet 

Hagneidaii  limeBtone 146  " 

Stuidrock 95  " 

Grayahale 60  " 

Green   shale 110  " 

l>imeetone »  10  " 

Blue    Bbale 30  " 

Saodrock 60  " 

Gray  aiude 40  " 

GreCD   shale 35  " 

Very  hard  red  tnod  rock,  enclosing  bedj  ofied  ahale...  145  '' 

Total 857  feet. 

"  No.  5  of  this  w«U  seems  to  be  the  same  limestone  that  outcrops  at  Hastings. 
We  stTDck  a  crevice  when  we  got  4U  feet  into  this  stratum,  from  which  the  watar 
began  to  flow  at  the  rate  of  40  gftUoos  per  mtnat«.  A  Second  flow  of  water 
was  obtained  from  No.  11  (sandrock).  Wben  we  got  through  that  sandrock, 
the  well  flowed  300  gallons  per  minnte.  After  we  got  through  drilling  we  tnbed 
the  well  and  separated  the  npper  vein  of  water  ftom  the  lower  vein,  and  we 
fotind  the  lower  water  to  be  mncb  softer  than  that  which  comes  from  the  api>er 
TBin.  WealBo  fonnd  that  tbe  water  from  tiie  lower  vein  roae  14  feet  above  the 
Enirfacs,  while  that  fttim  tbe  upper  vein  wonld  onlj  riM  4  leet.  No  wat«r  was 
obtained  from  the  red  sandrock  (No.  14) ;  thero  was  no  increase  in  tbe  flow 
after  passing  through  No.  II." 

The  Haslinga  deep  well  was  drilled  by  W.  B.  Siran,  and  the  in- 
formation here  given  respecting  the  character  of  the  strata  is 
derived  from  his  notes  and  from  a  seriea  of  the  preserved  drill- 
ings vhich  he  has  furnished.  This  well  is  located  at  the  depot 
of  the  Chicago,  Milwaukee  and  St.  Paul  railway,  about  seven 
hundred  and  ten  feet  above  the  sea,  and  about  ninety  feet  below 
the  top  of  the  St.  Lawrence  limestone  as  exhibited  in  the  bluffs 
adjoining.     The  water  rises  fourteen  feet  above  the  surfitce. 

1.  Dolomitic  limerock.     S(.  Latrmee SOfeet. 

2.  Sandrock 15     " 

3.  Dolomitic  grit,  (Mr,  Swan  designated  this  limestone) 12     " 

4.  Sandrock,  supplying  no  water 95     " 

[Some  of  this  ia  coarse  and  aome  is  fine.    In  tbe  lowest 

ten  feet  the  drillings  contained  fragments  and  rusty  tubes 
that  recall  the  tabes  in  tbe  St.  Peter  sandstone  described 
in  Vol.  1.  p.  666,  but  these  are  much  flrraer.] 

5.  Sandy  shale,  white,  mostly  sand 35     " 

6.  Gray  shale,  with  much  sand  and  some  dolomite 43    " 

7.  Green  shale,  t.  e.  sand  and  green  sand 20    " 

B.    Green  shale,  probably  pnlverized  green  sand 110    " 
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9.    Suidjr  shfde,  Mudaud  green  sand 


[Nm.  6,  7,  8  and  9  ma^  all  be  deecribed  as  sand  and 
green  sand.] 

10.  San  drock  with  afewlumpaof  iron  py  rite 20  '* 

11.  Sandrock  with  a  few  Inrnpa  of   iron  pf  rit« SO  " 

13.     Sandrock  with  more  iron  pyrits ;  flrat  flow  of  water *20  '' 

13.  Gray,  sandy  shale 20  " 

14.  Blneahale 70  " 

15.  Sand  and  pulverized  green  sand 20  " 

16.  Dolomitic  grit  with  gray  shale  and  sand 5  " 

17.  Sand  rock  with  lamps  of  iioapyrite  and  dolomitic  grit 

Second  flow  of  water 5  " 

18.  fiandrock   with  some  pyrite 25  " 

19.  Sandrock,  coarse. 10  " 

a«.     Sandrock 10  " 

21.  Sandrock,  ooar*e. 10  " 

22.  Sandrock 100  " 

23.  Sandrock,  coarse 30  " 

94.     Sandrock,  fine  and  coarae,  some  grains  onB~qaarter  inch 

in  diameter,  one  of  black  qtuulzite,  with  traces  of  red  shale...                40  " 

25.  White  qnariE  sand,  mixed  with  pinkiab,  apparently  or- 

thodose  sand,  and  some  grains  of  red  and  black  qoartzile 30  " 

26.  Bed  shale,  with  some  white  quartz  sand 20  " 

27.  Red  and  white  sand   with   pieces  of  battered  metallic 

iron,  doubtless  from  the  drill 15  " 

28.  Red  shale 40  " 

29.  Mainly   white  quartz  sand,  bat  tinted  red  by  bits  of 

shale  and  other  red  grains;  contains  bits  of  metallic  iron 7'i  " 

30.  The  same  but  more  red 50  " 

31.  The  same;  the  shale  is  soft  and  has  a  red  powder,  like 

hematite 110  " 

Total  depth 1160  feet 

This  well  flows  ahont  one  hundred  gallons  per  minute  and  raises  the  water 
fourteen  feet  above  the  surface.  There  seems  to  be  a  vtry  smalt  portion  of 
salt  in  the  water.  We  all  expected  to  get  a  large  flow  at  Hastings,  and  were 
greatly  disappointed  at  the  result. 

The  Red  Wing  well  is  at  and  od  the  same  level  as  the  depot  of 

the  Chicago,  Milwaukee  &  St.  Panl  railway  and  hence  six 
hundred  and  eighty-seven  feet  above  the  sea.  It  was  drilled  by 
Mr.  W.  E.  Swan,  and  the  information  below  is  derived  entirely 
from  him.     It  begins  and  ends  in  the  9t.  Croix  formation. 
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No.  1.  Sand  md  graveL 40f«et. 

"  2.  Sand;sbftl« 10  " 

"  3.  Blae  ahale ,.,„  60  " 

"  4.  Bandrock 10  " 

"  5.  Bins  shale 30  " 

"  6.  A  mixtoK  of  Band,  quartz  and  llmerock 46  " 

"  7.  Softsandrock : 265  " 

Totol 460  feet 

"This  well  Sons  eigbt  haodrad  gallons  a  minnte  at  the  aar&oe,  above  which 
fts  water  risee,  when  confined  in  a  pipe,  to  the  height  of  seventy-five  feet.  It 
is  the  largest  flow  for  the  depth  that  I  have  aeen  in  my  experience  of  twent?- 
one  yeora.  It  begaa  to  flow  over  at  one  hundred  and  ninety  feet  from  the  biu> 
ftce  aod  kept  on  incteaeiug  to  the  end.  We  stopped  drilling  in  [at]  the  red 
eaodrock.  I  have  no  foith  in  getting  an  increase  of  water  after  we  strike  it, 
•a  it  always  gets  very  hard,  so  that  we  cannot  drill  more  than  sixteen  feet  in 
twenty-four  hours,  while  in  the  ssndrock  where  we  get  our  flow,  we  have 
sometimes  drilled  fh>m  five  to  fifteen  feet  an  boar."  * 

The  Wea  at  Lake  (My  was  also  drilled  by  Mr.  W.  E.  Swao. 
He  has  supplied  the  survey  vlth  a  series  of  the  drillings  in  hot- 
ties.  His  designataons  were  published  in  the  Musenm  report 
for  1S81,  [tenth  annual  report,  p.  161],  and  are  here  repeated 
with  such  corrections  as  a  study  of  the  drillings  requires.  This 
well  passes  through  a  considerable  thickness  of  drift,  showing 
the  great  depth  of  the  Mississippi  gorge  at  that  place,  being  at 
least  two  hundred  and  ten  feet  below  the  top  of  the  well.  The 
depot  at  Lake  City  is  seven  hundred  and  five  feet  above  the  sea. 
and  this  well  is  on  the  same  level,  and  forty-one  feet  above  the 
low  water  level  of  lake  Pepin.  The  well  begins  in  the  St.  Croix 
formation. 

1.  Black  soil 2ft et. 

2.  Yellow  clay 40     ' 

3.  Gravel  and  saud 180    " 

4.  Fine  loam-clay 5    " 

5.  8and,  this  seems  to  be  the  beginning  of  the  rock 16    " 

6.  Coarse  sand 7    " 

7.  Sand 208     " 

8.  Sand,  rusty  or  staioed  with  light  red  shale 5    " 

9.  Sand,  very  coarse,  white  grains  often  fractn'ed 15     " 

10.  Sand,  stained  with  red  shale,  and  with  flnh  red  grains  36     " 

11.  Sand 5     " 

13.  Red  shale  and  sand;  shale  is  soft  and  has  a  red  powder...  230     " 

Total  depth 820  feet. 

•  Col.  Wio.  CoMII  am  tbatMChrial'iBrewair.Red  Wing,  li  &  d«p  well  thmt  apouU  Ihree 
hundred  borreli  p* Jr  Atj,  rliliiK  thin;  feet  ibovf  th*  nirfain-one  hundred  mnd  sixty  Act  tn 
drift  *Dd  oue  hundred  Teet  tn  undrock— eli;hlT  rods  west  at  the  Mllwmukea  depot  ind  three 
rodaeonthoflhe  track  aDdthlrtr  feel  Hbore  II. 
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The  artesian  weU  at  BrownsciUe,  in  HonfitOD  county,  was  an  ex- 
periment for  increasing  the  supply  of  water  to  the  grist  mill  of 
Messrs.  Shaller  Brothers.  According  to  Mr.  Swan,  who  drilled 
the  well,  thedisch&rgeis  1,000  gallons  perminnte,  soft  water,  and 
granite  was  reached  at  590  feet,  where  the  work  ceased.  The 
month  of  this  well  may  be  25  feet  above  the  Mississippi  river, 
or  650  feet  above  the  sea,  and  the  water  rises  12  or  14  feet  above 
the  sarfac«  of  the  gronnd.  The  Potsdam  seems  here  to  have  been 
wanting,  and  the  St.  Croix  deposited  uuconformably  upon  the 
granite. 

N*.  1.     Bine  clay 40  feet.      , 

No.  2.     Lime«tODe.  [DonbtAil,  probablj  a  dolomitic  grit — N.  H. 

W.] 25  feet. 

S*.  3.     Bine  aluJe - 60  feet. 

So.  4     Oreea  Bbftle 70  feet. 

N*.  5,     S*ndrock :. 385  feet. 

Total 590  feet. 

The  Jira  well  drOled  at  the  St.  Paul  HarverAer  TForJts,  in  1882, 
was  in  the  rattling,  or  chipping,  room  of  the  foundry,  at  a  height 
of  aboQt  fifteen  feet  above  Phalen  creek  near  by,  or  about  863 
feet  above  the  sea.  *  This  well  was  drilled  by  N.  W.  Gary,  to 
the  depth  of  582  feet  (claimed  by  Mr.  Gary  to  be  602  feet),  when 
his  work  ceased.  In  the  winter  of  1882-3  it  was  continued,  by  a 
diamond  drill,  under  the  management  of  Joseph  Snsor,  to  the 
depth  of  6261  feet.  The  only  samples  preserved  from  this  well, 
so  &r  as  known,  were  from  the  part  drilled  by  Mr.  Susor.  They 
are  from  10,  20,  30,  and  44  feet  below  682  feet.  These  are  pul- 
verized, darkish  gray,  shaly,  siliceous,  probably  dolomitic, 
agreeing  with  the  core  obtained  firom  the  second  well  at  a  cor- 
respondiDg  depth.  Owing  to  the  supposed  bed  of  iron  and  iron 
ore  (reported  to  be  very  hard  to  drill),  in  the  first  W9ll  a  second 
one  icos  drilled,  at  a  point  about  fifteen  rods  north  from  the 
first,  on  land  about  eight  feet  higher,  or  approximately  871  feet 
above  the  sea.  Mr.  Cary  drilled  in  this  well,  dnring  the  summer 
and  autumn  of  1883,  to  the  depth  of  5151  feet.  Mr.  Susor,  with 
a  dialnond  drill,  penetrated  156  feet  further,  or  to  a  total  depth  of 
671i  feet.     A  very  complete  set  of  the  samples  from  this  well 

■The  rallrcwd  st  the  Unk>n  Depot,  St.  Paul,  ii  7D1JS;  vaterln  Pb*len  ei«k,  ilthe  blghut 
enwing  ol  the  St.  Paul,  StlltwUer  iiid  TbjIots  FiLli  Railnud,  B4S;  witer  In  thli  creek  mt  the 
HUTflrter  Works,  MS;  Phalen  Uke,  »M,  CoDFernlag  the  alleged  dtKOTeij  of  a  depoalt  of  meUI- 
jtcinn  and  magnetic  inn  on  In  thli  well,  beginning  al  thedrptta  of  360  feet,  and  reaobiugb*. 
'm  at  loat  41  fleet,  see  Ihe  plmter  Prttt  tot  ADgnet  24,  ISKl. 
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were  conrteously  supplied  by  Mr.  Kirk,  from  the  drillings  pre- 
served in  the  office  of  the  Harvester  Works  at  St.  Paul.  Mr. 
Gary  drilled  a  hole  six  inches  in  diameter;  the  core  obtained  by 
the  diamond  drill  is  about  an  inch  in  diameter.  The  waterstands 
constantly  in  each  well  at  35  or  40  feet  below  the  surface.  The 
following  descriptionsof  these  drillings  are  essentially  as  prepared 
by  Mr.  Upham.     Bock  was  reached  at  235  feet. 

No.    1.    Datk,  eandf  Aud  ciAjey  loatn 1-lOfeet. 

2.  Gray  Band  and  flue  gravel  contamlng  pebbles  ap  to 
three-quartere  of  an  iacb  b  diameter 10-20     " 

3.  Same,  witb  pebbles  Dp  to  one  and  a  balf  incbee  in 
diameter 30-30     " 

4.  YellowJHh  coarse  saad 30-40    " 

6.    Yellowish  eaod  and  gravel,  witb  jMbblee  up  to  one- 

balf  inch 40-50  " 

6.  Tcllowish  sand  aod  fine  gravel 60-fiO  " 

7.  Ligbt  gror  sand  and  fine  gravel 60-70  " 

R     Light  gra;  aand  and  fine  gravel 70-dO  " 

9.     Light  gray  sand  and  fine  gravel 80-90  " 

10.  Light  gray,  fine  sand  and  pebbles  np  to  one  and  one- 
half  inches,  state,  greenstone,  etc 90-100    " 

11.  Light  gray,  &ne  sand  and  pebbles  np  to  three-qnartxim 
of  an  inch,  inclndingsomeaf  gruiit«. 100-110     " 

12.  Light  gray  Bond  and  gravel,  witb  small  pebbles  of 
granite,  graensione,  etc. 110-120    " 

13.  Light  gray  sand  and  gravel,  with  small  pebblea  ap  to 
one-balf  inch. 120-130    " 

14.  Light  gray  sand  and  Bdb  gravel 130-140     " 

16.  Light  reddish  gray  saod,  witb  rare  gr«en  stone  peb- 
bles np  to  one  and  one-balf  incbee  in  diameter. 140-150    " 

16.     Liftht  reddish  gray  aand,  witb  pebbles  (rate)  np  to 

two  inches  in  diameter 150-160    " 

IT.    Light  reddish  gray  sand,  witb  pebbles  up  to  one  and 

one-half  inches 180-170     " 

IB.  Light  gray  sand,  witb  pebbles  np  to  one  inch  in  diam- 
eter       170-180    " 

19.  Coaiae  gravel,  largely  made  np  of  pebbles  (from  the 
northeast)  np  to  one  and  on«-half  inches 190-190     " 

20.  Similar  to  last  bnt  containing   more  sand  intermixed      190-20C     " 

21.  Same,  mostly  flner,  bnt  with  occaaional  pebbles  ap  to 
two  inches,  (one  a  reddish  porphyry,  from  Lake  Su- 
)>erior) 200-210     " 

22.  Coarse  gravel,  mostly  pebblea  ap  to  two  inches,  with 
liUlesand 210-220    " 

33  Yetlowisb  sand,  with  few  gravel  stonea,  (these  proba- 
bly from  the  stratum  above) 220-230     " 
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The  pnlverized  drilling  contains  a  large  proportion  of 
broken,  angular  tragmenta  (ap  to  one-lhiid  of  an 
inch)  of  buff  magneaiAn  limtstoue  (with  eome  Hand 
and  gTitTel  atonea);  the  rock  ia  aaid  to  have  b«eii 
struck  at  two  bandred  and  thirt;-fiTe  feet 230-240     " 

Light  yellowish,  very  One  powder,  Blightly  caked  in 
the  box,  iacladinK  do  coorae  particlce  or  fragme&tfl', 
efTerrescing  freely- 240-260    ' 

Light  buff;  drillings  intermediate  iu  character  be- 
tween the  laat  two 260^260     ' 

Similar  to  last,  hut  more  arenBceoDs,  mainly  vei7  Ane, 
granular  (fractnred),  ongnlar  (also  contitiuing  sand 
and  occaaioDil  small  pebblee,  douhtltas  from  above 
two  hnndred  and  thirty-five) 260-270     ' 

Light  huff  magQeaian  limeetone,  in  fine  (from  dust  up 
to  one-twelfth  of  an  inch)  angnlar  fragments,  with 
giainsof  ronnded  qnartz 270-280     ' 

HagneaiaD  limestone,  yellowish  huff,  containing  a 
considerable  proportion  of  white  qnartz  paitlcles, 
some  of  them  rounded  by  water,  np  to  one-twentieth 
of  an  inch  in  diameter,  with  arenoceooB  chert  and 
qoarizgeodee 280-290     ' 

Mostly  very  flue  jrelloftish  powder  (dust)  nearly  like 
No.  25,  bat  also  containing  freqnent  angnlar  par- 
ticles np  to  one-qnartor  of  an   inch  in  diameter,  of 

magneeian  limeatone 290-300     ' 

[The  aamples  from  tbree  hundred  to  three  hundred 
and  fifty  were  wanting  and  conld  not  be  found  nor 
learned  of.  This  part  is  probably  limestone,  which 
liea  both  above  and  below.] 

Mostly  fine,  light  gray  ponder,  with  angnlar  frag- 
meuie  np  to  oae-eigbtb  of  an  inrh,  of  fine  grained 
magnesian  limestone  that  effervesce  freely 360-360     ' 

Sandstone;  lightyellowiah,  fine,  largely  [half  or  more) 
composed  of  white  qnartz  grains,  well  ronnded,  np 
to  one-thirtieth  of  an  inch  in  diameter,  with  dolo- 
mitic  powder _ 380-370     ' 

Limestone ;  light  jellowiah  buff,  nearly  like  No.  36, 
eicepting  color 370-380     ' 

Sandstone;  light  gray,  all  the  gralna  water-roanded 
mostly  one-sixtieih  to  one-twentieth  of  an  inch  In 
diameter,  or  finer;  none  coarser  than  one-twentieth 
of  an  inch 380-390     ' 

Same  aa  last,  mostly  beantifnlly  ronnded  white  qnartz 
gtaina,  with  pieces  of  coal,  metallic  iron  tuid  famaoe 
sUg 390-400    ' 

Same  aa  last,  becomiog  moro  yellowish,  with  a  fen  bits 
of  coalandlatteredscalfsof  metallic  iron 400-410     ' 

Same,  with  a  few  grains  of  shining  black  coal  and 
scalesof  metallic  iron,  the  latter  largely  oxydized...     410-420 
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"  43.  Same,  bat  flnet  and  whiter ;  gntira  not  exceeding  one- 
fortieth  of  An  inch,  all  well  roniided,  with  some 
pjrite,  and  B  few  iron  scales 420-430     " 

"    44.     Same  as  lust;  verj  liftbt  .vellowish,  with  slight  traces 

of  coal  and  iron  scales 430-440     " 

"  45.  Sameaa  the  two  preceding,  with  a  few  grains  of  pjrite 
with  grains  of  rounded  qaartz  Grmlj  cemented  to 
them  and  scales  of  iroD 440-450     " 

"    46.     Still   Bner   water-worn    sandstone,    very   tight  graj, 

'  almost  white 450-160     " 

"  47.  Coaise  (np  to  one-twentieth  of  sn  inch),  with  much 
alao  that  is  ver;  fine;  yellowish  gray;  welt  water- 
worn,  with  iron  scales  (rusted)  and  grains  of  a  black 
scoria;  alBo  contains  traces  of  green  shale  and  some 
dolomi  tie  powder 460-470     " 

"  48.  Very  fine;  very  ligbt  yellowish;  well  rounded;  much 
like  No.  46,  witb  ooal  (antbracit«),  one  piece  being 
thTee-tonths  of  an  inchin  diamel«t;  scoria  and  scales 
of  iron....' 470-480     " 

"  49.  Very  fine;  light  leaden  gray,  arenaceous  (and  perhapa 
dolomitic)  shale;  (caking  somewhat  in  the  boxjeffer- 
vaecca 480-490     " 

"    50.     Veiy  fine  (more  so  than  last)  light  dusky  gray,  aren- 

aceons  shale ;  caking  harder  than  the  last 490-600     " 

"  51.  Similar  to  the  last  but  more  arenaceoos,  with  much 
sand  of  white  quartz,  np  to  one-hnndrcdth  of  on 

inch  in  diameter 600-515     '' 

[  At  five  bnodred  and  liileen  htt  the  palveriaed 
drillings  stop,  and  the  remainder  of  this  well  is  rep- 
resented by  samples  of  the  core  of  the  diamond  drill, 
abont  one  inch  in  diameter.] 

Otre  from  Diamond  Drill. 

At  656  feet.  Oray,  compact  and  hard,  fine-^ined  aand- 

"Conat4afset  (<ii  in<ih«"oi  eon),  rock,  probably  dolomitic;  indosing occasional 
ahaly,  darker  laminae,  and  having  in  aoroe 
portions  dark  specks  of  greensand. 

At  578  feet.  Same  as  the  preceding. 

-  IS  ilHh«t 
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Light  yellowish  bnff,  compact  and  hard, 
very  fine  grained  aandrock,  probably  dolo- 
mitic; containing  mica  scales  (?)  [very  mi- 
nnteshining  beetles];  (not  shaly  and  having 
less  greensand.) 

Similar  to  the  last,  bnt  with  light  green 
streaks  and  irregular  blotches,  up  to  one- 
qnaiter  of  an  inch  thick,  vertically,  yet  not 
mgre  than  three-quarters  of  an  inch  long, 
thinniDE  at  each  Nde  to  one-twentieth  of  an 
inch  or  less  in  thickness;  some  Sue  shale. 
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At  660-660  feet.  Hnrd  and  compact,  tUtenifttelr  Arena 

"JaD.Stb.   TbUlgfroaiijis  toi45fMt.   aod  aholy, probably dolomitic;  iD  color  t 

JosKPH  8I5WB."   oDe-t«nthpartbnff;aboatoDe-hairdDSky 

(About  a  feet  of  core.)  and  abont  two-fifths  dark  green.    The  1 

of  dork  greensand  not  eo  hard  as  the  ' 

•  portions,  vary  from  one  twentieth  of  an 

to  two  or   three  inchee  in   thickaees.  I 

interbedded  with  the  danky  and  buff  U 

The  deep  well  at  Elevator  B.,  Si.  Paul,  is  situated  near  the 
tre  of  the  soathwest  qaarterof  the  southeast  quarter  of  see 
twenty-five,  abont  three  aud  one-half  miles  west  from  the  1 
vester  Works  wells,  beginning  abont  eight  hundred  and  fi 
five  feet  above  the  level  of  the  sea.  The  drillings  from  this 
were  examined  by  Mr,  Upham,  through  the  courtesy  of  Mr. 
S.  Zimmerman.  The  entire  depth  is  eight  hundred  and 
feet,  drilled  by  N.  W.  Carey.  Water  stood  at  thirty-Qve 
helow  the  surface  during  the  entire  prepress  of  the  work. 

1.  Dark  gray.  Anesaud,  at  40  feet. 

2.  Dark  gray,  fine  sand 40-.>S 

3.  Light  gn;,  ebaly  limestone 56-63 

4.  The  same. '. 63-69 

6.  Light  jrellowiah  gray,  very  fioe  grained,  arenaceons  (?) 

shftly 69-83 

6.  Finegrained,  while  sandatone 83-235 

7.  Light  gray;  somewhat  argillaceons,  fine  grained,  appar- 
ently sandstone 235-265 

a     fins' magnesian  limestone  in  angnlsr  fragments 265-300 

8.  Finegrained,  whileqnartz  sandstone,  water-ronuded 300-320 

10.  Bnff  magnesian  limestone 320-335 

11.  Pine,  light  yellowish  powder,  no  grains  visible 335-;no 

13.     Wbitesandstone,  in  small  part  iron  rnsted.wator-roiinded    375-436 

13.  Light  bnff,  gritty  atone,  like  the  oore  of  the  diamond  drill 

in  the  HarreBter  Works  well 436-437i 

14.  Sand,  light  gray,  or  nearly  white 437^-478 

15.  Light  grayshale 479-515 

16.  Very  fine  blnish  shale 515-523 

17.  Very  fine,  light  gray  shale 523-529 

18.  Very  fine,   light  yellowish    gray   sandstone,   somewhat 
argillaceons 529-540 

19.  Very  Bne  sandstone,  with  some  dark  green  grains 540-560 

20.  Very  fine  shale,  olive  green 660-589 

21.  Nearly  the  same  as  the  last,  with  some  sand 669-604 

22.  Light gr^ shale,  withaomessnd 004-673 

23.  Finegnined  sandstone,  dork  gray 672-738 

24.  Light  gray  shale,  very  finegrained 738-761 

25.  Unknown 761-850 
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The  well  at  the  Harvester  Works  apparently  struck  the  St. 
Lawrence,  the  depth  to  the  rock  indicating  the  absence  of  the 
Shakopee  and  Jordan.  The  well  at  Elevator  B  exhibits  some 
irregularity.  The  "  blue  shale"  which  at  Mendota  se^ns  to  rep- 
resent the  Shakopee,  below  a  thickness  of  a  hundred  and  twenty- 
nine  feet  of  sandstone  (including  forty-seven  feet  visible  in  the 
&ce  of  the  bluff),  is  not  mentioned  at  all.  It  may  have  been 
passed  without  being  noted  in  the  one  hundred  and  fifty-two 
feet  reported  as  sandrock,  or  it  may  be  represented  by  Nos.  7 
and  8.  In  the  latter  case  it  would  coincide  with  the  recognized 
dip  of  the  Trenton  between  Meudota  and  Elevator  B,  which 
amounts  to  about  twenty-five  feet,  bringing  the  top  of  the  Shak- 
opee at  Mendota  at  about  six  hundred  sod  fifty-five  feet  above 
the  sea  level,  and  at  Elevator  B  six  hundred  and  twenty  feet. 
The  underlying  white  sand  (tweaty  feet)  would  be  the  Jordan, 
which  in  the  Meudota  well  is  reported  to  be  thii-ty-flve  feet. 
This  parallelism,  however,  requires  the  reduction  of  the  St.  Law- 
rence from  one  hundred  and  forty-five  feet,  reported  in  the  Men- 
dota well,  to  fifty-five  feet  as  reported  in  the  Elevator  B  well. 
The  same  stratnm  at  Lakewood  cemetery  ia  given  at  eighty-five 
feet. 

Any  person  who  has  had  occasion  to  record  and  compare  the 
reports  of  well -drillers,  or  to  obtain  the  drillings  of  wells  for  his 
own  examination,  will  appreciate  the  difficulties  and  the  uncer- 
tainties of  such  records.  The  drillings  ai-e  not  careftilly  pre- 
served; the  depths  from  which  they  are  obtained  are  not  accu- 
rately stated,  nor  even  known,  and  the  changes  in  the  rock  from 
stratum  to  stratum  cannot  be  located  with  precision.  Some  broad 
stratigraphic  distinctions  can  generally  be  made  out. 

In  the  case  of  the  wells  foregoing  it  seems  necessary  to  state 
that  the  Shakopee  formation  dwindles  toward  the  north  and 
northeast  in  this  latitude,  as  already  well  known  further  south. 
The  sandy  and  clay  constituents  increase  at  the  expense  of  the 
calcareous.  This  is  true  also  of  the  St.  Lawrence,  which  at 
Hastings,  and  apparently  at  Stillwater,  embraces  one  or  more 
strata  of  white  sand  from  ten  to  twenty  feet  in  thickness.  These 
are  comparable  to  these  thinner  beds  of  white  sand  that  are  in- 
tercalated in  the  Shakopee,  seen  at  Korthfield. 
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FOSSILS   FROM  THE   HED   QUARTZYTE  AT  PIPK- 
STONE. 


Abuut  the  middle  of  October,  on  the  occasion  of  a  visit  to 
PijHstonc  to  obtain  specimens  for  the  World's  Cotton  and  Ceii- 
tt'nnial  Ex^wsition  at  New  Orleans,  in  a  cnrsory  examination  of 
a  lot  of  the  pipestone  material  in  the  possession  of  Mr,  C.  H. 
Bt-nnftt,  certain  markings  were  noticed  that  had  the  aspect  of 
small  fossil  shells,  and  on  soTiie  further  search  several  slabs  were 
foand  which  had  greflt  numbers  of  the  same  inijiressions  thickly 
scattered  over  the  surface  of  the  tMHlding  side.  Subsequently 
other  slabs  were  found  at  the  Indian  quarry  which  had  the  same 
marks  freshly  exposed  by  recent  operations  at  the  quarrj'. 

These  fossilsoecurin  the  blood-red  catlinite,  which  Is  the  only 
kind  used  by  the  Indians,  though  it  is  possible  that  they  can  be 
fonnd  also  in  the  light-colored  slabs.  They  consist  of  thin  lenses 
»bout  six  millimetres  in  diameter,  imlx^dded  in  the  otherwise 
homogeneous  plpestone.  They  might  be  taken  for  inorganic 
flattened  eoneretions  were  It  not  that  they  exhibit  indistinctly 
some  evidences  of  organic  stnitrture,  and  when  they  are  removed, 
along  with  more  or  less  of  the  pipestone  material,  the  portion 
removed,  embracing  the  powdered  white  scales,  shows,  on  cheni- 
i<'»l  analysis,  the  presence  of  phosphate  of  lime. 

Suhsequently  Mr.  A.  W.  Barber,  of  Yankton,  Dakota,  found 
a  trilobitic  form  among  the  debris  of  the  old  Indian  quarry,  and 
it  is  de8cril)ed  Ijelow,  with  his  name,  as  a  specific  designation. 

LINGULA  CALUMET. 

The  shell,  so  fiir  as  can  be  determined  hy  the  fossil  remains, 
was  very  thin  and  fragile,  containing  some  phosphate  of  lime 
and  nearly  circular,  averaging  somewhat  less  than  a  quarter  of 
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an  inch  acroes.  When  fi-eebly  uncovered  it  is  of  a  light  flesh 
color,  and  resembles  the  light  colored  spots  that  hare  often  been 
mentioned  in  the  blood-red  cstlinit«,  but  is  much  lighter.  That 
these  light  spots,  however,  are  distiiict  from  those,  and  differ- 
ent, is  evident  at  a  glance.  Those  light  spots  have  no  constant 
form  nor  size  within  the  rock.  They  vary  from  the  size  of  pin- 
points to  areas  covering  several  inches.  They  are  not  so  related 
to  the  structure  that  they  are  uncovered  by  splitting  the  rock 
along  its  bedding  planes,  bat  are  a«  likely  to  be  exposed  by  a 
A^uiture  across  the  bedding.  They  do  not  wear  away  readily  by 
friction,  but  entec  the  mass  of  the  rock,  while  these  are  so  thin 
that  a  short  exposure  to  the  weather  destroys  them,  leaving  only 
the  outline  of  the  shell,  either  the  interior  or  exterior,  oatlined 
in  the  blood-red  catlinit«.  A  section  across  them  is  all  of  the 
same  color;  that  across  these  shows  a  thin  scale  of  (he  light  col- 
ored matter  embracing  a  small  lenticular  mass  of  the  same  as- 
pect as  the  main  mass  of  the  rock,  of  a  blood-red  color.  Those 
are  disseminated  porphyritically  through  the  mass  of  the  rock; 
these  lie  only  in  thin  sheets  (apparently  only  in  one  plane)  coin- 
cident with  the  bedding,  their  flatneas  being  in  that  direction  in 
which  a  thin  bivalve  wonld  necessarily  lie  on  the  bottom  when 
acted  on  by  sedimentation. 

These  lenticular  bodies,  when  both  valves  are  preserved  in 
apposition,  are  about  one-half  millimeter  in  thickness;  and  when 
only  one  valve  is  present  there  is  only  the  form  of  the  shell  pre- 
served, with  the  merest  trace  of  a  scale,  that  probably  repre- 
sents the  shell  itself. 

There  is  in  some  instances  a  very  indistinct,  rnde,  lamellose, 
concentric  marking  on  the  exterior.  On  the  inteiior  of  the 
valves,  i.  «,,  on  the  concave  impressions,  there  is  quite  fre- 
quently a  distinct,  marginal,  flat  band,  which  is  separated  from 
the  central  part  by  a  faint  i-idge.  This  ridge  may  have  marked 
the  limit  of  the  general  visceral  cavity.*  The  beak  of  the  longei' 
valve  is  rarely  seen  in  its  prolongation  beyond  the  other  valve 
but  there  is  very  often  an  impression  that  shows  a  decided  elon 
gation  of  the  shell,  such  that  it  could  not  be  described  as  circu- 
lar. The  smaller  valve  appi-oaches  nearer  the  circular  form. 
The  following  figures  show  some  of  these  features,  magnified  two 
diameters.     Most  of  those  indistinct  markings  are  similar  to 

•TliSspp«'HriLnc«u<'thli  msrgl ml  ridge,  In  Iig  undulsilng  couna,  ta  Tiry  ilrullar  (othiirep- 
nnDUd  In  Obolut  ApatUnU,  bf  fig.  •»•,  pi.  ii,  of  Davldiaa'i  IntiuduclloD  lo  Brlliah  Fouil 
TtncbtopodB,  to).  I. 
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those  of  lAngvia  inchoaiu,  Barr.,  illustrated  by  fignres  74  Of 
of  Barrande'B  Faum  tilurienne  des  envirtmt  de  Eof,  en  BaT 
This  shell,  however,  is  about  double  the  size  of  that. 

BXPLANATIOIT  07  FIO.  6.  — PLATE  I. 

Fig.  ».  Impramon  of  the  beak  of  tlie  looger  Talv«  (concftve). 

Fig.  b.  Impreadon  of  the  shorter  valve  (ooncAve). 

Fig.  c.  Convex  iorbce  of  a  mull  Bpecimeii. 

Fig.  d.  Concave  impreoaion  of  ihe  longer  (t)  valve. 

LoccUUy  and  poaiHon.  In  the  catlinite  at  the  great  pipe 
qnsrry,  in  Pipestone  Goanty.  Museum  register  nnmber, 
Collector,  N.  H.  Wiuchell. 

PABADOSIDEB  BABBEBI.     (N.  SP.) 

The  specimen  foand  by  Mr.  Barber  has  been  crashed 
folded  upon  itself  by  some  pressure  obliquely  applied  fror 
right  and  somewhat  from  the  rear,  so  that  the  plenrte  of  thi 
side  are  turned  underneath  the  animal,  but  exhibit  their  fiti 
and  ridges  alternately  to  the  number  of  fourteen  or  fifteet 
rows,  separated  by  as  many  ridges.  The  segments  of  the 
are  thus  thrust  forward  over  the  crumpled  pleune  of  the 
side,  showing  more  or  less  of  the  articular  portion  of  sevei 
the  segments.  The  specimen  shows  but  slight  tracesof  the 
inal  crust  of  the  auimal.  At  several  places,  however,  and 
ticularly  in  the  sheltered  joiuts  along  the  azal  furrows,  i 
fragments  of  a  thin,  red,  shining  covering  remain.  The  8 
men  has  long  been  weathered.  It  is  much  roughened  by  th 
posure,  and  injured  as  a  fossil  by  this  fact.  It  has  been  in 
taet  with  the  camp  fires  of  the  Indians,  as  evinced  by  the  h 
ened  condition  of  the  under  suriace. 

The  cephalic  shield,  including  the  glabella,  is  wanting; 
there  are  two  or  three  furrows  that  can  be  seen  to  cross  the  ant 
portion  of  the  specimen,  as  if  due  to  the  original  furrows  o: 
glabella,  and  another  terminates  before  reaching  the  mi< 
Whether  this  termination  of  one  of  these  farrows  be  due  b 
pushing  together  and  overlapping  of  the  segments  under  ob! 
pressure,  or  to  an  actual  and  natural  character  of  the  sb 
cannot  be  ascertained.  The  whole  left  side,  and  much  o 
central  lobe,  throughout  the  thoracic  portion,  are  obscure 
the  same  accident.     The  aouompanying  figure  (7)  of  plate  1 
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presses  the  character  of  this  f<H)sil  better  than  any  description  that 
can  be  written  of  its  visible  characters.  AlK>tit  fourt*M;ii  ridge« 
can  be  counted  on  the  under  side,  expressing  the  namber  of  the 
pleurffi  folded  beneath.  Bat  in  advance  of  these  fonrtt^'n  are 
about  two  more  on  the  npper  surface,  some  of  them  exhibiting  a 
tendency  to  duplication,  caused  by  the  pleural  grooves.  The 
thoracic  segments  may  be  considered  to  have  reached  sixteen,  at 
least.  On  the  right  side  from  twelve  to  fourteen  scgmt-nts  can  be 
counted,  although  there  are  several  that  are  narrow  and  seem  to 
be  due  to  the  crushing  down  of  the  right  side  by  an  obli(|ue 
pressure  on  the  pleural  grooves. 

It  is  possible  that  this  specimen  belongs  to  some  desi-ribed 
species,  but  it  would  plainly  be  premature  to  assign  it  to  any 
known  species  at  present.  It  is  thought  best  to  give  it  the  name 
of  Mr.  A,  W".  Barber,  who  discovered  it,  and  await  the  finding 
of  better  material  to  correct  any  error.  The  figure  is  drawn  of 
the  natural  size. 

Position  and  locality.  The  catlinit'e  layers  at  Pipestone;  col- 
lected by  A.  W.  Barber.     Museum  register  number,  555ri. 

The  following  letter  was  received  from  Mr.  S.  W.  Ford,  who 
for  some  years  has  t>een  at  work  on  a  similar  fauna  found  in 
easteru  New  York,  and  is  familiar  with  obscure  forms  of  organic 
reniains  under  such  circumstances. 

S.  W.  Ford  on  the  pipetloncf mails. 

ScHoDACK  Lanbino,  Kensselaer  county,  N.  Y., 

Febriui7  IJth,  1885. 

Prof.  N.  II.  WineheU, 

My  dk.vb  sib  :  I  have  examined  with  deep  interest,  and  on  several  differeat 
occasiona,  the  aupponed  fossils  from  your  "  red  pipealone  "  rocks  of  Minoeaota, 
which  you  kindly  itnbmitted  h)  me  for  stady,  and  have  no  hesitation  in  pro- 
nouncing them  oi^uic.  I  have  endeavored  to  xtudy  the  specimens  without 
bias  or  prejudice;  indeed  I  think  I  can  safely  t*ay  that  iny  mind  has  been 
noinfluenced  by  any  preposseeaions  concerniDg  the  a);e  of  the  terrane  atTording 
them,  although  aware  trom  the  perasal  of  yonr  vrhtinga,  as  well  as  thoae  of 
others,  thut  the  disposition  has  I>een  rather  strong  of  late  years,  to  rank  the 
(joartzite  as  "  Huronian." 

Yoar  principal  Rpecimen  (No.  5555)  I  believe  to  be  a  trilDbit«  and  moat  pro- 
bably a  Piirndaxidfii,  althotigh  it  may  possibly  represent  the  somewhat  newer 
piimordial  genus  Olenrllag.  The  specimen  has  beeu  distorted  by  pressore 
exerted  obliijucly  acroivi  it  from  beliind,  tbrcin);  the  extremitira  of  the  left 
band  posterior  pleune  andenieath  and  diagonally  across  the  body-axis,  and 
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caiTjinfi  the  utia  itself  a  little  to  the  letl.  Thn  tepbalie  shield  is  vrantiiig. 
There  appear  to  bo  from  twelve  to  fonrteen  bod;-riugs  repreeoDted,  and  there 
are  indications  that  the  higher  of  these  figures  woald  be  below  the  actnal  Dam' 
ber  in  ttie  iadividaal  if  complete.  Along  the  forward  I'f  hand  portion  of  the 
speciuiea,  there  are  patchett  of  what  I  believe  tn  be  the  nltured  teat  of  the  cre&- 
tare  still  remaiaing.  The  thiekaesa  of  these  films  agreea  well  with  the  known 
tbiclciieia  of  the  t^t  ia  trilobites  of  the  genera  ParadoritUs  and  OlentUut.  I  may 
add  that  I  aUo  noticed  in  my  stody  of  the  body-rings  evidencea  of  the  nsiul 
"  articniar  folds"  of  trilobites. 

The  other  specimena  appear  to  me  to  be  most  probably  Lingvlm,  and  the 
examples  to  whiuh  I  have  altached  tags,  or  pointeni,  seem  decisive  npon  tliia 
point.*  But  what  the  apeciea  may  be  I  have  no  iilea.  The  specimens  are  all 
in  the  condition  of  casts,  and  although  at  first  disposed  to  think  that  the  pecu- 
liar pitting  noticed  in  the  rostral  portion  of  some  of  the  examples,  pointed  to 
Siphoiiafrela,  I  have  since  been  able  t« satisfy  myself  that  they  art- only  tbecaats 
of  sand  grains  in  the  pipestone.  I  have  in  my  collection  from  the  ''Acadian" 
of  New  BniiiBwick,  slabs  crowdedly  covered  with  Lingala  of  email  size  which 
strikingly  suggest  a  like  age  for  your  specimena,  and  while  I  cannot  feel  sure 
of  my  position,  owing  to  the  imperfection  of  the  materials  studied,  1  am, 
nevertheless,  strongly  impressed  with  the  belief  that  your  red  "  pipeat«i)e " 
fbesilsare  most  probably  "Acadi.in." 

It  affords  me  mnch  pleasure  to  add  that  the  results  of  my  examination  of 
your  specimens  snatain,  for  the  most  part,  the  views  you  were  disposed  to  take 
of  their  generic  relatiitns,  as  expreajcd  in  yoar  letter  of  the  sixth  instAnt, 
accompanying  them. 

Thanking  yon  for  your  coortesy  and  kindness, 

I  remain,  dear  Profesf>or, 

Very  truly  yours, 

S.  W,   Ford. 

The  following  is  au  extract  from  a  letter  from  Prof.  J.  D. 
Dana,  respecting  these  fossils : 

New  Haven,  Ct.,  February  25,  1885. 
Prof.  N.  H.  WiarkfU, 

Dkab  sir  ;  I  am  mnch  pleased  to  have  had  the  privilege  of  seeing  your 
cstlinite  fossils.  There  appears  to  be  no  mistake  about  them,  and  the  little, 
nearly  circular  shell,  is,  as  you  say,  closely  like  Linguia,  as  far  as  ltd  charac- 
ters are  di°cemible.  The  trilobii«  might  be  considered  a  doubtful  fossil,  or 
donbtful  whether  or  not  a  fossil,  were  it  not  associated  with  other  apeciee. 
Bnt  as  the  case  stands  there  is  no  good  reason  for  doubting  it,  and  it  ia  an  ex- 
ceedingly interesting  find.  I  believe  in  fixing  the  age  of  even  crystalline  rocka 
by  fossils,  and  that  has  been  my  heresy ;  and  I  am  glad  that  yon  are  having 
sQCcesB  in  that  direction.  There  are  some  Arcluean  rocks  that  have  Archceao 
stamped  on  them  — those  that  conlAiu  choudroditic  limestonea,  and  abound  in 
hornblende,  scapolitce  and  zircons.  But  many  of  them  are  of  ambignooa 
chuBcter,  aed  need  to  have  somewhere  an  overlying  bed  of  nnmistokable 
primordial  (Cambrian)  to  make  their  Archoon  age  certain.     .     ,     . 

Yonre  traly, 
James  D.  Daxa. 

•  One  nf  tbean  Is  h  of  flgure  8,  pl»te  I.  — N.  H.W. 
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It  is  welt  known,  from  the  researclies  of  Wm.  B.  Logan  and 
T.  Sterry  5ant,  that  tbe  composition  of  the  shells  of  recent  and 
fossil  Lingulas  is  made  ap  to  a  considerable  extent  of  phosphate 
of  lime.*  For  the  parpose  of  comparison  a  specimen  was  hand- 
ed to  Prof.  Dodge,  who  has  made  the  following  report: 

Prof.  James  A.  Dodge,  on  the  composition  of  the  ^Ua  of  the  fos- 
sil LingvifBfrom.  Pipestone. 


HiNifBAPOLis,  Minn.,  Feb.  11,  1865. 
Prof.  N.  H.  WitKhOl, 

DxAB  Sib:  J  bave  made  im  analycria  of  tbe  white  abell-like  sabsttuice 
fbnnd  on  the  aarfAce  of  a,  Bpedmen  at  piputooe  (Chem.  Beriee  No.  173),  as 
requested  by  yon  a  few  days  ago.  I  find  it  to  consist  etenlialty  of  tnrbmiate  of 
lime  bnt  with  diatinct  traeee  of  phosphaU:  of  limf. 

Very  reapectfoUy  yonre, 

Jakes  A.  Dodok. 

The  discovery  of  primordial  foBsils  in  the  pipeetone  of  Minne- 
sota makes  an  important  datnm  for  calculating  the  stratigraphy 
of  other  rocks  of  the  Northwest.  This  "pipestone"  is  a  part 
of  the  great  series  of  quartzytes  which  by  C  A.  White  was 
styled  Sioux  Quartzyte  in  his  final  report  on  the  geology  of  Iowa, 
in  1870,  These  quartzytes  are  conspicuons  at  several  other 
places  in  Minnesota,  and  also  in  Wisconsin,  where  they  have 
been  denominated  Baraboo  quartzyte  and  placed  in  the  "Hnro 
nian."  Prof.  James  Hall,  in  1867,  and  Mr.  J.  H.  Kloos,  in 
1871,  classed  the  qnartzytes  of  southwestern  Minnesota  in  the 
"  Huronian,"  These  fossils  place  them  within  the  "  primordial 
zone  "  of  Barrande,  a  geological  stage  which  has  not  yet,  con- 
fessedly, been  covered  by  the  term  "Huronian"  at  any  point  in 
America.  Tbe  Paradoxides  horizon,  which  seems  to  be  here 
indicated,  has  been  distinguished  by  the  name  St.  John^s  group, 
or  Acadian,  and  embraces  the  slates  at  Braintree,  Maes.  It  is 
supposed  to  lie  below  the  Georgia  slates  of  Vermont,  containing 
Olenellns,  and  those  to  be  below  the  "red  sandrock,"  which  is 
the  proper  Potsdam  horizon  of  the  east.  The  Potsdam  horizon 
of  the  Wisconsin  geologists  lies  still  higher  in  the  primordial, 
and  is  allied,  in  its  paleontology,  to  the  Calciferous  sandrock.  It 
has  but  recently  been  known  to  exist  In  eastern  'Sew  York.  Mr. 
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porphyries  of  the  Oiqtriferoua  series  of  the  Dorth  shore  of  lake 
C.  D.  Walcott  hae  named  a  nnmber  of  fossils  from  it  in  the 
Twenty-third  Begente'  Report  on  the  New  York  State  Cabinet, 
collected  near  Saratoga.*  Theee  are  from  a  dolomitic  limestone 
which  he  considers  the  Calciferous,  and,  indeed,  probably  is  the 
same  that  has  been  so  known.  Thus  it  becomes  necessary  either 
to  abandon  the  Calciferoosin  the  Bast  as  a  paleontological  divis- 
ion, extending  the  Potsdam  horizon  upward  so  as  to  cover  it,  or 
to  abandon  the  claim  tliat  the  Fotadam,  so  called  by  the  Wis- 
consin geologistfl,  as  exposed  along  the  Mississippi  river,  is  the 
true  Potsdam.  This  dilemma  was  pointed  oat  in  1872,  by  the 
writer,  in  the  fiist  report  of  the  survey,  and  again  enforced  in 
the  tenth,  after  this  discovery  of  Mr.  Walcott  had  been  made  ' 
known. 

Farther,  the  extension  of  the  primordial  zone  so  much  fur- 
ther downward  in  the  Northwest,  on  the  evidence  of  discovered 
primordial  fossils  in  the  red  quartzyte,  allows  ample  room  for 
the  existence  of  the  true  Potsdam  of  New  York  as  well  as  of  the 
Georgia  slate  group,  between  the  SL  (^oix  sandstone  and  the 
pipestone  beds.  In  several  deep  wells  that  have  been  drilled  in 
central  and  sontheafitern  Hinueeota  there  has  been  found,  be- 
neath tbe  St.  Croix  sandstone,  without  exception,  a  great  thick- 
ness of  red  and  green  shales,  associated  with  some  red  sandstone. 
This  sometimes  has  reached  the  thickness  of  nearly  four  hun- 
dred feet,  and  is  succeeded  below  by  a  hard,  red  quartzyte  or 
brownish  red  rock,  fine  grained  or  granular,  which  has  been 
uniformly  supposed  to  be  the  equivalent  of  the  red  quartzytes 
that  outcrop  at  New  Ulm  and  in  Pipestone  coanty.  These  red 
shales  perhaps  represent  the  Georgia  slaies;  and  the  red  sand- 
stone connected  with  them,  apparently  expanding  toward  lake 
Superior  so  as  to  become  the  red  sandstouee  there  called  I^ta- 
dam  by  the  Wisconsin  geologists  (and  perhaps  also  the  Cuprifer- 
ous series)  may  be  parallelized  with  the  true  Potsdam  of  New 
York. 

Intimately  connected  with  these  red  quartzytee  in  Wisconsin 
are  red  gneisses  f  and  felsytes,  or  felsitic  porphyries,  the  quartz- 
ytes being  below  these  rocks,  and  all  presenting  evidences  of 
Bedlmenlary  origin  (Geol.  of  Wis.,  vol.  ii.  p.  514).  These  are 
therefore  brought  within  the  primordial  zone,  and  can  be  con- 
sidered as  being  near  analogues  of  the  red  felsytes  and  quartz- 

•BdeoM,  III,  1M. 
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Superior,  and.  if  of  sedimentary  origin,  modified  portious  of  the 
Georgia  slates,  tlie  fit.  John's  group  being  repn^sented  Ijy  the 
gneissic  red  quartzytf*  of  Pigeon  Point  and  Waswaiif^'ouing  Bay, 
at  the  Vi-iy  base  of  tlif  Cupriferous  series. 
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THE   NEW  ORLEANS  INDUSTKIAL  AND  COTTON 
CENTENNIAL  EXPOSITION. 


The  exhibit  of  the  survey  at  the  Netc  Orleans  TndwitruU  and 
Cottmi  CentennUil  Exposition,  la  quite  extenaive.  It  embraces  the 
foilowiug  parts: 

683  specimeiis  of  Minaesota  crystalline  rock  samples, 
specimens  of  other  Minnesota  rock  samples. 
56  specimens  of  Minnesot-a  minerals.* 
3(H  specimens  of  Minnesota  fossils.* 
67  specimens  of  Minnesota  mammals  (stuffed). 

specimens  of  Minnesota  birtls  (stuffed). 
28  specimens  of  Minnesota  soils. 
49  specimens  of  Minnesota  plants. 
58  specimens  of  Minnesota  woods, 

specimens  of  eggs  of  Minnesota  birds. 
21  specimens  of  Minnesota  bnilding  stones. 

specimens  of  Minnesota  (Ked  Wing)  pottery. 
126  specimens  of  mannfactured  articles  of  catlinite. 
21  miscellaneons  specimens  of  Minnesota  rocks,  slates,  gran- 
ites, iron  ores,  clays,  etc 
20  maps  of  the  state,  of  the  scale  of  ten  miles  to  the  inch, 
designed  to  show  the   physical  features,  geology, 
distribution  of  timber,  and  the  main  features  of  clim- 
ate and  soil, 
66  meteorites  from  all  parts  of  the  world. 
16  bound  volumes  representing    the  stated  publications  of 

the  survey. 
The  detailed  list  and  description  of  these  articles  will  be  re- 
ported to  the  Miftntmotn  slate  board  of  collective  exhiirilH,  and  will 
be  communicated  through  the  state  commissioner,  Mr.  Oliver 
Gibbs,  Jr.,  to  the  governor; 

'This  DDmbeieiprnKalbt  register  entii«;  tha  tpeclueng  were  two  or  lbre«  Udi»  Mnunr. 
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XI. 

EEPORT  ON  THE  MUSEUM  FOR  1884. 


The  follOTiag  list  of  additions  does  not  indnde  zoological  Bpec- 
imens  received  since  the  \aBt  report,  the  number  of  which  ia 
quite  large.  Many  of  these  are  on  exhibition  at  New  Orleans, 
<^nBi8ting  of  birds  and  mammals. 

The  specimens  of  plants  received  by  the  snrvej,  in  response 
mainly  to  the  circular  issued  in  the  year  1876,  are  specified  in 
the  following  ennmeration.  An  important  donation  has  been 
received  from  the  United  States  department  of  agriculture, 
Washington,  eonsistingof  1,194  species  of  American  and  foreign 
plants. 

The  condition  of  the  mnseom  at  present  is  chaotic,  owing  to 
the  removal  of  a  huge  quantity  of  the  specimens  to  Hew  Or- 
leans. It  is  expected  these  will  be  returned  early  in  June,  and 
they  will  then  be  restored  to  their  places  in  the  cases. 

CoUectiona  of  platUs  in  the  po8*e»«wn  of  the  Geological  and  Naturoi 
Sistory  Survq/  of  Minnettda,  April  1,  1885. 

1.  U.  8.  Deparlnunl  of  A^ntltvre,  Waahiogton,  D.  C.  A  collectioa  of  638 
spe^ra  of  AmericaD  and  656  speciea  of  fordKn  pUnts.     Presented  1884. 

Il»4specieB. 

2.  John  B.  Leiberg.  A  ooUection  of  Hinnemb  plants  from  Blue  Earth 
ooDul^.    Presented,  April,  1863. 

78  species. 

3.  John  B.  Laberg.  A  collMtion  of  weatwrn  plants  from  Dakota  and  Hon- 
ten*.    Preeentod,  Angn«t,  1B83. 

114   Bpeciw. 

4.  Dr.  W.  E.  Lamard.  A  collection  of  Mlnnsaota  plants,  bj  the  late  J.  C. 
Kovabe.     Presented  b;  Dr.  W.  £.  Leonard,  of  Minneapolis,  Minn.,  1864. 

440  spedM. 
6.     C.  L.  Htrrick.     Minnesota  plants,  collected  on  the  Gmtogical  and  Nat- 
oral  History  Snrrey  at  varioos  times. 

fiSSapecieB.. 
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6.  B.  Jsni.     Plants  of  the  north  ahore  of  Uke  Superior.     Collected  on  the   . 
Geological  and  Natural  History  Snrvoy,     Angost-September,  1878. 

175  species. 

7.  T.  S.  Bobaia.     Plaota  of  the  north  eboTe  of  lake  Superior.    CoUected  on 
the  Geological  and  Natural  History  Surrey,  Joly-Septomber,  Iffli. 

137  spedcB. 
S.     Dr.    W.  E.  Leonard.     Minneaota  pUute.     Collected  on  the    Gteologioal 
and  Natural  History  Survey,  1875-6. 

64  speciea. 
I>.    Prof.  N.  H.  Winc/uU.     UiimMota  plants.    Collected  at  varione  times. 

75  species. 

10.  H.  V.  WituML    Hinnesoto  plants.    Collected  at  Torions  times. 

150  species. 

11.  "Ex  herbaria  horti  PetrtipiAiUmi."     A  colleotioii  of  foreipi  plants.     Pre- 

165  species. 
13.  Jfisa  Macfarlane.     A  collection  of  plaota  from  sonUiem  Labrador.     Pre- 
sented. 

25  species. 

13.  F.  W.  Andervm.      A   collection  of  plants  from   Montana.      Presented, 
Pebmary,  1885. 

.    72  species. 

14.  Throngh  Mr.  Warren  Upbam  plants  have  been  presented  from  the  fol- 
lowing persons: 

Dr.  Oro.  FoMjr,  Washington,  D.  C,  7  spedes  of  AriBtlda  and  14  of  Pani- 

Pr^.  C.  J.  Oedge,  MoorheAd,  Minn. 

IBapedes. 
Bn.  J.  Scott,  West  Emerson,  Manitoba. 

24  species. 
Dr.  J.  H.  Sandbert,  Red  Wing,  Minn. 

6  species. 
Jlr,  E.  J.  Gratis.    ^^  spedes  of  rare  plants  from  Emmett  coanty,  Iowa. 
In  all  3383  spedes,  indnding  dnplicatee. 
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ArtAeBoloffic(U  tpeeimena  regittered  in  the  Qen^^  Museam  In  1884. 

lis.  Flinte  (three)  &om  aboat  l*ke  MlimewMkft,  Mum.  PieMoted  tj 
Vma.  F.  Bartke,  of  Glennwood,  Mina.,  March  14,  1BS4. 

113.  One  pieoeof  oMdiAn  from  lake  Minnewoakft.  Pnaented  by  Dan. 
F.  Bortke,  oTGleimwood,  Mlmi.,  Much  14,  1884. 

114.  Bit  of  red  enbataiice  from  atratum,  Little  Falla,  Minn.  Preaented 
NoTembec  10, 1S83,  bj  Frances  E.  Babbitt 

115.  One  piece  of  BoaocoaaquarU  ttam  Bbatam,  Little  FaUs,  Minn,  (thcj 
jingle  withoQietjiutrte-likemeU}.  Presented  November  10, 13H2,  by  Fraaoea 
E.  Babbitt 

llff.  Chipped  implement  (one),  &om  rirer  grareli  at  the  fenj,  LitUe  Falla, 
Minn.     Prea^ted  Novembei  10,  1862,  by  Frances  E.  Babbitt 

117.  Pleceof  nicked  judrts,  perhaps  for  cutting  tendons,  etc,  fromstratom, 
Little  Falls,  Minn.     Pnaentod  November  10,  1882,  by  Fiamcca  E.  Babbitt. 

118.  Piece  of  a  bone.  Little  Falls,  Minn.  Presented,  November  10, 1882, 
by  Franoce  £.  Babbitt 

119.  A  small  dark  chert  arrow  point,  one  and  a  half  incbea  long,  notched 
base.    From  Battle  Creek,  Mich.    Presented  by  Mia.,  C.  H.  Cnieby,  1883. 

130.  Arrow  point  (one),  light  chert,  three  and  a  qoarter  inches  long, 
notched  base.  From  Battle  Creek,  Mich.  Presented  by  Mn.  C.  &.  Crool^, 
1B83. 

121.  Gray  flint  implement  (one),  four  and  a  half  inches  long,  ronnded 
base.      From  Battle  Creek,  Mich.     Presented  by  Mrs.  C.  H.  Crosby,  1883. 

13S.  Stone  hammer  (one).  Sampleof  those  now  in  nae  among  Qie  Cheyenne 
Indians,  near  the  Black  Hills.  Presented  by  the  Rev.  L.  J.  Hange,  Mankato, 
188a 

123.  Spear  head  (one),  dark  chert,  fimr  and  three-qnarter  inohes  long, 
pointed  at  both  enda.  Prom  aecticm  30,  township  45,  rwige  38,  west  of  Hille 
lAcs,  Minn.    Presented  Jannary  6, 1864,  by  O.  E.  Garrleon. 

124.  Spedmena  of  pottory  (forty-flve  pieoee),  from  MUle  I^ca,  Minn.  Pre- 
sented Jannary  5,  1884,  hy  0.  E.  Qarriaon. 

126.  Piece  of  flint  (one)  from  Mille  Iacs,  Minn.  Pttaented  Jannary  6, 
1884,  by  O.  E.  Garrison. 

126.  Implement  of  brown  chert  (one),  from  Mllle  Lacs  Minn.  Preaented 
Jannary  6, 1864,  by  O.  E.  Garriaon. 

197.  Stcme  implement  (one),  from  Mille  I^ce,  Minn.  Presented  Jannary 
5,  1684,  by  O.  £.  Ganison. 

1S6.  Bpedmenof  tattooing  taken  from  the  arm  of  a  cadaver.  Presented  1^ 
Dr.  Artliar  Eastman. 

120.  Stone  hammer  (one),  from  JUinois.  By  pnichase  from  Wm.  Howling, 
1884. 

130.  Stone  hammers  (two),  from  Long  Lake,  Minneeota.  By  purchase 
from  Wm.  Howling,  1884. 
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List  of  books  added  to  the  JMrary  of  the  OeohffiotU  and  Ifizturai 

History  Survey  sinee  the  publication  of  the  Zfof  in  tA< 

rt^ort  of  1880. 

FrooeediugB  of  the  Academy  of  Natural  8cieiic«e,  of  PMladclphia.  Parte  1 
and  II,  Jannarj  to  October,  1S7S.     Pnrchaaed. 

Proceedings  of  tbe  DaTenport  Academy  of  Natnial  SciencM.  Volume  III, 
Parts  II  and  lU,  1878-81.     From  the  Academy. 

TrauBactJonB  of  the  Edinbmsh  Geol<^cal  Bocie^.    Volame  IV,  Part  II, 


Bnlletiu  of  the  Bnfhlo  Sodety  of  Nainral  Sciences.  Volnmes  I,  U,  HI  and 
rv.    Complete.    Prom  tbe  Society. 

The  American  Antiqaarian  and  Oriental  Jonmal.  Tolnme  lY,  No.  1, 
October,  18S1,  and  No.  4,  October,  1882.  Volume  V,  complete.  Volume  VI, 
Noa.  1,  3,  4  and  6,  1884.  Volnme  VII,  Nos.  1  and  3,  Jannuy  and  March. 
1885.    Prom  tbe  Editor. 

Bnlletin  of  the  United  States  Geological  lorvey.  No.  1,  1883.  From  the 
Surrey. 

Unit«d  Statee  Geological  Snrr^.  Uinerol  reeonicei  of  the  United  States. 
By  Albert  Williams.    Fioni  tbe  Surey. 

Smithaonian  T«port«  for  1863, 1870,  1873, 1876, 1878,  187B,  1881.  From  tbe 
Smitbsonian  Inatitntion. 

TiantBCtdons  of  tbe  Academy  of  Science,  of  St.  Lonis.  Volnme.  IV,  Nos.  3 
and  3.    From  tbe  Academy. 

Hsmoinofthe  Peabody  Academy  of  Science.  Volnme  I,  Salem,  Mww 
From  the  Academy. 

R^ort  of  the  Geological  Bnrrey  of  Ohio.  Volnme  IT,  Part  I.  Zoology. 
From  Prof.  E.  Orton. 

Geological  Snrrey  of  Hinnesoia.  B^orts  I  to  VIII,  indndTe,  1873-8.  One 
TOlnme.    From  Mn.  0.  H.  Terry. 

United  Statee  Coast  and  Geodetic  Surrey.  Reports  fbr  1878, 1879  and  1880. 
From  tbe  United  States  Coast  Snrrey. 

United  States  Geological  Snrvcy.  Second  annual  report— 1880-81.  f^nm 
tjie  Surrey. 

Ifonogiapbs  of  tbe  United  Stales  Geological  Surrey.  Volume  II.  From  tbe 
Survey. 

Tertiary  History  of  tbe  Grand  Canon  District,  with  atlas,  by  Clarence  E. 
Dntt«n.    From  tbe  Snrrey. 

Bergens  Museum.  Nye  Alcyonider  Gorgonider  og  Pennotnlider  tilhorsnde 
Norgee  nrana.    Ved  Johan  Koten  og  D.  C.  Danielson.     From  the  Museum. 

American  Association  for  the  Advancement  of  Science.  Local  committee 
papers  oftbe  Montreal  meeting,  1883.    From  the  Minneapolis  local  committee. 

American  Association  for  tbe  Advancement  of  Science,  Local  committee 
papers  oftbe  Minneapolis  meeting,  1883.    From  the  Pbiladelphia  local  com - 

Reports  of  tbe  State  Geologist  of  Indiana,  1869,  1870,  1871-3,  1873,  1874, 
1876,1876-7-8,  1880,  1881, 1883  and  1883.    From  John  OoUett,  state  geologist. 
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The  CatelogiM  of  Hm  MoBenm  oT  the  HlUtai;  Serrioe  lostitntioD  of  Uw 
United  States,  1884.    From  Lientena&t  A.  W.  Vogdes. 

The  Americui  ChenuaJ  Joomal.  Tolnmen  I,  II,  III,  IT  and  T.  Nm.  1, 
3,  3,  4  and  6  of  Tidame  YI.    Prom  Johns  Hopkins  UniTeTsitj. 

United  Stetee  Oeologic*!  Surer-  Geology  of  the  Comstock  Lode.  Kfono- 
graph  No.  3.    B7  Geo.  P.  Becker.    Prom  the  Snrvey. 

United  Statee  Oeologiokl  Smrey.  Atlas  to  ocoompamy  the  Uonognph  on 
the  geolcgr  of  the  Comstock  Lode,  and  the  Washoe  District.  Bjr  Geo.  F. 
Becker.    From  the  United  Stetee  Geological  Snrrer. 

United  States  Geological  Snrrer.  Third  annual  report,  1861-2.  J.  W. 
Powell.    From  the  Snrvey. 

Frooeedings  of  the  Colorado  Sdentiflc  Sodetj.  Volume  I,  1883-1.  From 
the  Society. 

Plates  and  maps  in  Ulnatratlon  of  the  flist  Tolnme  of  the  transactions  of  the 
Geologic^  Society,  London,  1811.    Presented  by  A.  J.  Hill,  of  St  Panl. 
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.  NOTES  ON  THE  GEOLOGY  OF  MINNEHAHA  COUNTY, 
DAKOTA. 


BT  WASSEN  UFHAM. 

TypictU  FoUdam  qwarizi/te  oatcrops  one  mile  sontheaat  of  Dell 
Bapids  (whicli  la  on  the  Sioax  river,  some  fourteen  miles  vest 
from  the  northwest  corner  of  Bock  county),  dipping^abont  2*  south, 
36°  Test  (as  referred  to  the  tme  meridian).  OlackU  atrioe,  well 
shown  at  this  place,  bear  south  26°  to  30°  east.  (This  local- 
it;,  like  the  mound,  is  beyond  the  limits  of  the  ice  of  the  last 
glacial  epoch,  and  therefore  these  Btrise  were  formed  by  the 
earlier  ice-sheet.  When  that  ice-sheet  terminated  beyond  the 
Mlssonri  river  in  Nebraska  and  Kansas,  we  cannot  doubt  that 
the  ice  current  moved  nearly  f^om  north  to  south  upon  all  this 
region  midway  between  the  west  border  of  the  ice  and  the  drift- 
lees,  never  ice  covered,  area  of  Wisconsin  and  soatheasteru  Min- 
nesota; but  the  prevailing  striatiou  at  the  mound  and  the  pipe- 
stone  quarry  bearing  southwesterly,  and  of  this  locality  near  Dell 
Bapids  bearing  southeasterly,  demonstrate  that  during  the  final 
melting  and  recession  of  that  earlier  ice-sheet  it  became  in  this 
portion  lobed,  with  different  slopes  of  its  surftu^e  and  different 
directions  of  the  motion  of  its  ditsinct  lobes  and  their  various 
portions,  principally  (as  I  believe)  produced  by  meteorological 
conditions,  nearly  as  the  terminal  moraines  of  tiie  last  ice-sheet 
show  that  it,  in  the  later  glacitd  epoch,  was  lobed  and  had  dif- 
ferent directions  of  motion  in  its  different  parts  upon  areas  not 
more  than  twenty-five  miles  distant  from  these  localities  toward 
the  northeast  and  northwest.  (See  plate  VI,  in  the  2fmth  annual 
r^ori),  Bipple-marJa  are  occasionally  seen  on  the  qnartzyte 
at  this  outcrop.  This  rock  is  here  visible  in  low  exposures,  ex- 
tending an  eighth  of  a  mile,  along  a  northwardly  sloping  slight 
depression  excavated  by  drainage. 
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Quartxyte  also  oatcrops  one  mile  dne  east  of  Dell  Bapids,  on  the 
east  side  of  tlie  Big  Sioux  river  (commonly  called  simply  ' '  Sioax 
river");  and  again,  one  and  a  half  miles  nortb  of  Dell  Bapids,  on 
section  three,  about  one  and  a  half  miles  west  of  the  river.  These 
are  its  most  northern  exposures  that  I  heard  of  in  this  region. 
So  fossils,  no  pipestone,  and  no  conglomerate  portions,  are 
known  in  this  quartzyte. 

Wat^  power.  William  Van  Bps,  Dell  Eapids  (s.  i  of  sec.  9)} 
Dell  Bapids  mills;  fall,  eleven  feet,  with  right  to  increase  to  four- 
teen. The  fall  in  the  9ioux  river,  at  and  below  Dell  Eapids,  from 
Van  Eps'  pond  (which  holds  the  river  as  back-water  to  adistance 
of  three  miles),  to  a  point  one  and  a  half  miles  south  of  the  janc- 
tion  of  the  "Dells"  channel,  or  about  four  miles  south  of  Dell 
Bapids  village,  is  approximately  twenty-five  feet.  At  Mr.  Van 
£ps'  present  bight  of  flow^e,  a  dam  about  three  feet  high  has 
to  be  provided  to  turn  the  water  of  this  pond  in  the  Sioux  river 
irom  running  into  the  "Dells"  channel;  but  before  the  mill  dam 
was  built  the  stage  of  low  water  at  the  bridge  at  Dell  Rapids  was 
abont  six  feet  lower  than  the  divide  between  ' 
it  and  the  "  Dells. "  This  sketch,  figure  eight 
(I  have  no  good  map),  will  serve  to  give 
some  idea  of  the  relative  position  of  the  local-  ^■"'-  ^• 

ities  mentioned. 

^' The  Dells."  The  Sioux  river,  after  passing  the  village  of 
Dell  Bapids,  first  runs  westerly  a  half  mile,  more  or  less,  and  then 
flows  south,  inclosed  by  wallp  of  Potsdam  quartsyte.  Another 
rock-walled  channel  of  the  samekind,  called  the  "Dells,"  already 
several  times  referred  to,  extends  south  from  near  the  bridge  in 
Dell  Bapids  village.  It  is  thus  east  of  the  present  coarse  of  the 
Sioux  river  at  its  ordinary  stage,  bat  a  large  part  of  the  river 
flows  through  this  channel  at  its  times  of  flood.  The  picturesque 
rock  gorge  called  the  ' '  Dells ' '  extends  about  one  and  a  half  miles  * 
in  rock,  from  near  the  river  at  Dell  Bapids  village  to  the  south; 
and  this  channel  is  said  to  continue  across  the  alluvial  bottom- 
land about  one  and  a  half  miles  further  before  joining  the  pres- 
ent channel  of  the  Sioux  river.  The  highest  walls  of  this  gorge 
are  within  three-quarters  of  a  mile  south  of  Dell  Bapids,  along 
which  distance  they  rise  vertically  on  each  side  30  to  10  or  50 
feet  above  the  still  water  that  fills  the  bottom  of  the  gorge  along 
a  distance  of  one  and  a  quarter  miles,  vailing  in  width  from 
three  to  flve  rods,  and  ten  to  twelve  feet  deep.  The  rock  here  is 
typical  quartzyte,  dipping  two  or  three  feet  in  a  hundred,  or 
12 
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aboutonedegree,  to  the  south -Bontliwefit.  This  qaartzytelB bedded 
in  layers  from  a  few  inches  to  one  foot  or  rarely  two  feet  thick, 
and  is  Intersected  by  very  nnmeroos  vertical  or  nearly  vertical 
joints,  which  olten  divide  it  into  rhomboidal  fi-agments  only 
from  three  to  six  Inches  or  a  foot  long.  The  surface  of  the  bed- 
ding-planes is  frequently  ripple-marked.  No  glacial  striee  were 
found  here;  all  the  rockanrfoce  appears  somewhat  water-worn. 
The  erosion  of  this  channel  haa  been  facilitated  by  the  jointed 
structure  of  the  rock,  and  both  this  and  thechannel  now  oeenpied 
by  the  river  have  probably  been  eroded  by  this  stream  since  the 
ice  age. 

This  qaartzyte  is  mostly  very  hardandof  a  reddish  gray  color, 
about  as  at  its  exposures  near  New  TTlm,  in  Cottonwood  county, 
and  in  Pipestone  and  Eock  counties.  At  the  quarry  on  the 
east  Bide  of  the  "Dells,"  near  their  sonth  end,  a  mile  south  of 
Dell  Bapids  village,  the  color  of  thisstoue  is  light  gray,  slightly 
tinged  toward  pink.  Barely  it  occurs  with  a  quite  soft,  some- 
whf^  f^ablc  texture,  as  was  found  in  a  well  at  Dell  Bapids.  This 
rock  is  seen  in  frequent  low  outcrops  for  about  a  milesonth  from 
the  sonth  end  of  the ' '  Dells,"  beyond  which  no  rock-outcrops  were 
learned  of  iu  the  next  fifteen  miles  southward,  their  next  occur- 
rence being  at  Sionz  Falls. 

The  gorge  through  which  the  Sioux  river  flows,  dose  below 
Mr,  Van  Bps'  mill,  or  about  a  mile  southwest  from  Dell  Bapids 
village,  is  said  to  be  inclosed  by  vertical  walls  of  the  qnartzyte, 
some  fifteen  feet  high.  In  this  channel  three  remnants  of  the 
rock  stand  up  like  bridge  piers,  having  the  same  higbt  as  the 
rock  on  each  side.  The  whole  thicknees  of  the  Potsdam  qnartz- 
yte  exposed  at  Dell  Bapids  is  abont  seventy-five  feetj  it  cannot 
exceed  one  hundred  feet.  Its  top  here  may  be  oue  hundred  feet 
above  its  top  at  Sioux  Falls;  this  estimate  beii^  dependent  main- 
ly on  another,  namely,  that  the  river  at  Dell  Bapids  is  seventy- 
five  feet  above  Emerson,  Sherman  &  Co 's  mill  pond  at  Sioux  Falls. 

Bottomland  from  one  to  two  miles  wide  borders  the  Sionx  river 
from  a  point  oue  and  a  half  miles  south  of  Dell  Bapids  to  Sionz 
Falls.  Its  hight  is  abont  ten  feet  above  the  river,  by  which  it 
has  been  overflowed  three  times  during  the  past  eleven  years. 
The  surface  at  each  side  is  moderately  undulating  till,  with 
swells  26  to  40  feet  above  its  depressions,  the  hight  being  60  to 
90  feet  above  the  river  and  the  bottomland. 

Nils  B.  Peterson's  well;  northwest  quarter,  Section  3,  T.  102,  B. 
49  (nine  miles  north  of  Sionx  Falls),  well,  30  feet;  soil,  2;  yellow 


jvCooj^lc 


STATE  GEOLOOtBT.  91 

till,  spaded,  5  feet;  sand,  3  feet,  yielding  the  only  water  foand; 
very  hard  bloe  till,  picked,  21  feet,  and  extending  lower;  water 
a  plenty  for  hoiuie  and  twenty  cattle.  The  till  here  and  gener- 
ally in  tias  re^on,  contains  as  latge  a  proportion  of  gravel  and 
bonlders  (varying  in  size  Avm  a  few  inches  or  one  foot  to  five 
feet  in  diameter)  as  is  nsnally  fonnd  in  the  till  of  soothern  and 
western  Minnesota. 

PipetUme,  similar  to  that  of  the  fiunons  pipestone  qnarry  in 
Minnesota,  la  reported  as  occurring  eight  miles  distant,  nearly 
doe  west  from  Mr.  Peterson's  (therefore  aboat  12  miles  northwest 
from  Sioaz  Falls),  or  four  miles  west  of  New  Hope  post  office,  on 
Skunk  creek  in  the  northeast  part  of  T.  102,  B.  61.  Much  of 
this  pipeetone  is  red,  other  portions  are  mottled  or  sometimes 
nearly  cream-colored,  as  at  the  Indian  pipestone  qnarry.  It  has 
been  whittled  into  pipe  bowls  and  Tarions  trinkets.  It  is  hard 
at  the  snr'iace,  but  softer  within;  and  is  thonght  to  form  a  layer 
foar  feet  or  more  in  thickness,  inclosed  in  the  quartzyte.  It  has 
been  used  to  bnild  chiomeyB,  where  it  does  not  crack  and  crum- 
ble like  the  qnarteyte. 

Aotcr  FaNa.  The  Potedam  qnartzyte  is  next  fonnd  exposed  in 
low  outcrops  aboat  two  miles  west  of  Sioux  Falls,  on  the  broad 
bottomland  of  the  Sionx  river.  The  valley  eroded  in  the  thick 
sheet  of  glacial  drift  by  this  river  below  (eastward  from)  Sioox 
Falls  is  about  a  mile  wide  and  inclosed  by  blaf&  100  feet  or  more 
in  hight  on  its  north  side,  and  from  125  to  150  feet  (probably 
nearly  200  feet  at  three  miles  east  of  Sioux  Falls)  in  hight  on  its 
south  side;  these  binjb  beii^  steep,  with  more  knolls,  bnttreeses 
and  ravines  than  osnal  (as,  for  example,  on  the  Hinoeeota  river), 
making  a  quite  picturesque  view  as  seen  from  a  point  a  mile 
north  of  Sionx  Falls,  looking  eastward  and  southward.  This  val- 
ley is  eroded  through  till,  which  in  some  places  was  seen  to  be 
thinly  covered  by  loess,  nearly  as  in  southwestern  Book  connty, 
and  elsewhere,  more  rarely,  by  deposits  of  gravel  and  sand;  the 
quartzyte  of  this  vicinity  is  exposed  only  in  the  bottom  of  the 
valley,  and  ends  in  low  onterops  about  a  half  mile  below  (north 
and  northeast  of)  Sioux  Falls. 

Ur.  William  Van  Eps,  of  Sioux  Falls  (owner 
of  mill  at  DeU  Bapids),  reports  outcrops  of 
qnartzyte  (nearly  like  that  at  Sioux  Falls)  on 
the  James  river  at  Bockport  in  Hanson  connty  *' 
and  again  in  the  same  connty  seven  miles  fur- 
ther north  (a  few  miles  below  Firesteel,  a  place 
formerly  important  but  whose  glory  has  de- 
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parted,  eclipsed  by  Mitchell,  three  miles  distant  to  the  west;) 
but  he  thinks  this  rock  has  no  other  exposures  on  the  James 
river.  About  fifteen  miles  east  of  lUUtchell,  good  quartzyte  for 
qaarrying  occurs  on  Pier  creek,  where  it  is  crossed  by  the  rail- 
road and  farther  north.  I  think  that  this  quartzyte  is  reported 
by  Hayden  on  the  east  and  west  Vermilion  rivers,  in  McCook 
eoonty. 

Water  pouter  at  Sioux  itUls.  Three  dams  and  mills  are  here 
located  on  the  Sioux  river: 

1.  Cascade  mills;  the  upper  mill,  Emerson,  Sherman  &  Co.: 
Ml  or  head,  10  feet,  flowing  the  river  back  about  two  miles. 

2.  Qaeen  Bee  mill;  Sioux  Falls  Water  Power  company:  head, 
56  feet;  this  mill  (built,  if  I  rightly  remember,  of  the  quartzyte 
of  this  viciuity)  is  80x14)0  feet  in  dimension,  and  seven  stories 
(106  feet)  high;  its  walls  are  6  feet  4  inches  thick  at  the  base, 
and  2  feet  6  inches  at  the  top. 

3.  Sioux  Falls  mills;  the  lower  mill;  Webber,  Shaw  &  Wat- 
sou:  head,  14  feet.  This  lowest  mill  is  not  more  than  a  half  mile 
below  (north  of)  the  upper  mill.  There  may  be  five  feet  of  fall 
lost  between  these  mills;  but  I  think  lees,  or  none.  The  total 
fell  within  the  city  limits  (section  16)  is  said  bo  be  85  fett,  which 
must  be  nearly  or  quite  correct.  If  a  canal  were  cut  across  the 
base  of  the  river's  extensive  circuit  west  of  Sioux  Falls,  excavat- 
ing about  ten  feet  deep  across  bottom  land  for  a  mile,  and  some 
30  feet  in  depth  for  a  quarter  of  a  mile  through  the  ridge  of  drift* 
which  extends  southward  in  the  west  edge  of  the  city,  it  is  said 
that  a  foil  of  about  110  feet  in  total,  or  26  feet  more  than  now, 
would  be  obtained. 

The  rock  of  8imLX  FaU»  is  the  typiotU  Potsdam  quartzyte,  simi- 
lar in  texture,  hardness,  color  (usually  reddish-gray),  bedding 
(frequently  ripple-marked),  and  joints,  with  its  outcrops  in 
Nicollet,  Cottonwood,  Pipestone  and  Bock  counties,  and  at  Dell 
Bapids.  Its  dip  varies  from  a  half  degree  to  two  or  three  de- 
grees, or  a  descent  varying  from  one  to  five  feet  in  a  hundred, 
toward  the  south  and  south  southwest.  Allowing  for  its  dip,  the 
whole  thickness  of  this  rock  exposed  at  Sioux  Falls  is  approxi- 
mately 125  feet;  it  cannot  exceed  150;  it  nowhere  rises  much 
(not  more  than  20  or  30  feet)  above  the  river  at  the  head  of  the 
foils. 

Quarries  of  this  stone  have  been  worked  in  small  amount  two 
miles  west  of  Sioux  Falls;  two  miles  south  of  this  city  on  the 
left  (there  north)  side  of  the  Sioux  river,  about  a  half  mile  from 
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it,  this  qaarry  yielding  good  stone;  and,  most  of  all,  in  the  north 
part  of  Sionz  Falls  corporation.  Hayden  (in  the  Am,  Jotir,  of 
8ci.  and  Arts,  for  Jan.,  1867)  says,  in  descrihing  this  formation 
at  Siooz  Falls:  "Aboat  ten  feet  from  the  top  of  the  rocks  as  seen 
at  this  locality,  is  a  layer  of  steatitio  material,  mottled,  gray  and 
cream  color,  very  soft,  ahont  12  inches  thiob,  which  is  osed 
sometimes  for  the  manniaoture  of  pipes  and  other  Indian  orna- 
ments. *  *  *  There  are  also  beds  of  padding  stone,  and  the 
most  beautiful  illnstraCions  of  -wave  and  ripple  markings  that  I 
have  ever  observed  in  my  geologioal  explorations." 

Gladai  ^rice.  The  surface  of  nearly  all  the  quartzyte  exposed 
at  Sionx  Falls  is  so  waterwom  that  its  glacial  jnar^  have  been 
effaced.  Considerable  search  afforded  me  only  the  following 
observatioDs;  About  20  to  25  rods  north  of  the  St.  Panl  &  Sioax 
City  (C,  St.  P.,  M.  &  O.)  railroad  depot,  glacial  striie,  seen  in  a 
half  dozen  or  more  places,  mostly  bear  uniformly  B.  40°  E.  (re- 
ferred to  the  true  meridian,  allowing  10°  for  the  needle's  vari- 
ation east  of  north);  but  on  one  sar&ce  here,  six  feet  square,  ' 
situated  10  to  60  feet  distant  f^om  foregoing  glaciated  places,  are 
very  clear  glacial  striee,  bearing  dne  east.  About  a  dozen  rods 
northeast  from  these,  striee  were  again  fonnd,  on  a  smooth  sur- 
fiice  of  rook  about  ten  feet  in  extent,  where  they  vary  in  their 
direction  lh>m  due  south  to  9.  25°  B.,  these  courses  being  seen 
on  the  same  sur&ce  crossing  each  other.  For  the  reasons  set 
forth  on  pages  606  and  649,  of  vol.  1,  final  report,  it  is  probable 
that  the  strin  bearing  sonth  are  the  oldest,  and  that  the  striee 
bearing  southeasterly  and  east  are  records  of  a  progressive  de- 
flection here  of  the  ice-current  toward  the  east,  by  the  formation 
of  a  lobe  in  the  ice-sheet  of  this  first  glacial  epoch  daring  its  re- 
cession. How  this  wonld  take  place  will  be  understood  by  re- 
ferring to  Plate  VI,  in  the  Ninth  annual  report. 

Terraces.  During  the  river's  excavation  of  its  valley  in  the 
thick  drift-sheet  along  the  first  six  miles  east  of  Sioux  Falls,  a 
well-marked  terrace-plane  was  formed  60  to  76  feet  above  the 
present  channel,  portions  of  which  remain  as  fbllows:  One, 
about  two  miles  long  and  20  to  40  rods  wide,  on  the  northwest 
side  of  the  river,  2  to  4  miles  northeast  firom  Sioax  Falls;  another, 
one  and  a  half  miles  long  and  30  to  60  rods  wide,  situated  on 
the  south  side  of  the  river,  about  31  to  6  miles  northeast  of 
Sioux  Palls;  and  a  third,  or  perhaps  several,  seen  in  the  view 
down  the  valley  within  a  few  mites  farther  southeastward.  The 
first  of  these  terraces,  and  probably  the  others,  consists  of  till, 
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vith  freqaent  IraalderB  oa  its  eacai-pmeDt  or  fooe,  aod  in  some 
places  OIL  its  flat  snr&ce  above;  bnt  mostly  this  upper  snrfoce  is 
thinly  covered  with  flavin  deposits  of  gravel  and  sand. 

Contour.  Lakes  and  sloogha  are  rare  or  absent  in  all  this 
region;  I  saw  none.  The  surface  is  very  smooth  till,  seldom 
having  any  covering  of  loess.  The  contonr  of  this  drift-sheet  is 
qnite  different  from  that  fonnd  upon  the  regions  that  -were  over- 
spread by  the  last  ice-sheet;  bnt  closely  resembles  that  of  Pipe- 
stone and  Bock  oounties.  It  is  characterized  by  massive  svells 
of  varying  hight,  tending  mostly  fh>m  north  to  sonth,  or  more 
so  than  in  other  directions.  The  separate  svells  are  usually 
from  26  to  50  feet  above  the  intervening  hollows  or  depressions; 
while  areas  a  few  miles  apart  vary  sometimes  100  or  150  feet  in 
their  average  hight.  No  drift  deposits  marked  by  the  peculiarly 
rough  and  broken  contour  of  oar  terminal  and  medifd  moraines 
were  found  in  this  r^on. 

Palimdea  post-office,  store,  and  mill  are  in  sections  30  and  31, 

'  T.  103,  B.  47,  at  the  middle  of  the  south  side  of  section  30, 

about  foar  miles  west  fi«m  the  state  liHe  of  Minnesota.     The 

^*ttt.f.  j^    "palisades"  extend  &om  the  dam  a  half  mile 

filljiiiiil^*.    southweetvard,  the  Split  Bock  creek  being 

j^^~  '"  confined  along  this  distance  between  vertical 
^^*H"-  walls  of  the  Potsdam  qaartayte,  40  to  60  feet 

FiouRs  10.  high,  and  from  50  to  150  feet  apart.     A  ' '  rock 

island"  rises  like  a  tower  in  the  middle  of  this  goi^e,  about  20 
rods  south  of  the  mUl,  and  60  feet  high,  its  top  being  seen  with 
that  of  the  walls  at  each  side,  which  here  aCtain  their  greatest ' 
altitude. 

Palisades  mill,  0.  W.  Patten;  (all,  23  feet;  cable  to  mill,  212 
feet;  hight  ftom  stream  below  the  wheel  to  the  mill,  66  feet 
Split  Bock  creek  is  said  to  descend  72  feet  in  its  foar  miles  next 
above  the  southwest  (lower)  end  of  the  Palisades. 

The  rock  here  is  the  typical  red  Potsdam  qoartzyte,  dipping 
two  to  three  degrees,  or  about  four  to  six  feet  in  a  hundred,  to 
the  south-southwest.  This  formation  embraces  in  this  vicinity 
two  layers,  each  several  feet  thick,  of  compact,  fine-grained,  red 
rock,  easily  cut  and  polished,  closely  resembling  the  catUnite  of 
Oie  Pipestone  quarry  in  Minnesota.  The  upper  one  of  these 
layers  is  seen  a  quarter  of  a  mile  southwest  from  the  mill  on  the 
northwest  side  of  the  creek,  where  it  has  been  quarried  and  is 
called  "slate."  Its  vertical  exposure  in  the  qnarry  is  seven 
feet,  bnt  its  base,  thoi^h  probably  not  much  deeper,  is  not  seen. 
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It  lies  in  sheets  from  an  eighth  of  an  inch  to  six  Inches  thick, 
dipping  abont  two  degrees  S.  30°  W.  The  plane  of  this  bed, 
prolonged  northeastward,  passes  jnet  above  the  top  of  the  Pali- 
sadee.  The  lower  one  of  the  two  layers  mentioned  is  oalled 
"pipeetone,"  and  is  searoely  inferior  in  quality  to  thf^  of  the 
Indian  qoarry  in  Pipestone  oonnty.  This  bed  is  exposed  abont 
five  rods  soath  of  the  dam  and  some  thirty  rods  east  of  the  mill, 
where  it  is  seen  to  have  a  thicknees  of  at  least  four  feet  (it  may 
be  as  mnch  as  seven  fe^  thick)  divided  in  sheets,  from  a  haif 
inch  to  three  or  four  inches  thick.  It  here  dips  6°  or  7°,  or  ten 
or  twelve  feet  in  a  hundred,  8.  60°  W.  The  unusual  steepness 
of  this  dip,  as  compared  with  the  average  and  nearly  uniform 
dip  of  the  whole  formation  in  this  looality,  is  donbtloos  due  to  a 
local  displacement  of  very  small  extent;  for  the  floor  of  qnartz- 
yte,  on  which  this  pipestone  lies,  varies  in  its  inclination,  within 
three  or  four  rods  away  from  this  bed,  to  the  average  dip  of 
about  two  d^rees.  At  the  bottom  of  the  wheel-pit  of  the  mill, 
30  rods  west  fiyim  this  pipestone  quarry,  the  top  of  this  pipe- 
stone  layer,  having  the  same  fine  quality,  was  excavated  to  a 
depth  of  six  inches.  The  top  of  this  layer  in  the  wheel-pit  was 
12  or  14  feet  lower  than  its  base  at  its  exposure  near  the  dam. 
This  pipestone  layer  is  thus  contained  in  the  quartzyte  very 
nearly  at  the  water-lin^  of  the  week  in  the  Palisades,  being  60 
feet,  approximately,  lower  than  the  similar  bed  called  "slate." 
Twenty  rods  east  of  the  dam  at  the  Palisades,  and  about  20  to 
25  feet  above  this  dam,  is  an  excavation  (made  to  get  material  for 
building  the  dam)  into  "chalk  rock,"  which  is  thus  exposed 
with  a  vertical  thickness  of  four  feet  (though  ite  base  is  not  seen) 
and  along  an  extent  of  about  60  feet,  dipping  the  same  as  the 
quartzyte,  abont  two  d^rees,  or  some  foar  feet  in  a  hundred, . 
to  the  Bonth-Bonthwest.  It  occnts  in  sheets  or  layers,  which 
vary  from  a  quarter  of  an  inch  to  two  inches  in  thickness ;  and 
these  are  much  traversed  by  joints,  whereby  this  rock  is  divided 
into  a  mnltitnde  of  small  rhomboidal  pieces,  nsually  a  few  inches 
(seldom  a  foot)  long.  The  upper  part  of  this  bed  is  soft,  being 
scarcely  harder  .than  many  shfUe  beds,  and  is  whitish,  often 
quite  white;  it  gradually  dianges  below  to  a  pinkish  color,  and 
at  the  same  time  becomes  harder  and  exhibits  fewer  joints  in  its 
lower  portion.  In  fineness  and  microscopic  homogeneity  of 
texture,  it  is  closely  like  pipestone  (catlinite),  which  it  also 
probably  resembles  in  chemical  character  (see  Prof.  Dodge's 
analysis,  p.  203,  Tenffi  an.  rep.),  not  being  calcareous,  so  that  its 
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name,  applied  by  Mr.  Fatten,  is  a  misnonier.  This  "  chalk- 
rock"  is  not  seen  in  contact  with  the  qaartzyte  or  other  bed- 
ded rocks;  but  its  conformity  in  dip  with  the  Potsdam  formation, 
BO  extensirely  exposed  in  its  immediate  vicinity,  makes  it  high- 
ly probable  that  it  is  a  layer  inclosed  in  the  qnartzyte.  It  lies 
in  the  line  of  continuation  of  the  closely  eontignons  "pipestoue,'* 
and  may  be  only  a  changed  portion  of  that  bed,  perhaps  having 
come  into  its  present  condition  by  veatherii^.  Ifthts  "chatk- 
rock"  is  ground  to  powder  and  then  wetted,  it  dries  in  a  hard 
mass,  having  aboat  the  same  hardness  as  in  its  original  bed. 

The  following  is  reported  by  Mr.  C.  W.  Patten,  of  the  Pali- 
sades: About  six  miles  sonth  of  this  place,  or  four  or  five  miles 
above  (N.  N.  E.  of),  the  month  of  Split  Rock  creek,  rock  [Cre- 
taceonsl]  in  many  respects  similar  to  this  "chalk-rock,"  per- 
haps harder,  all  of  it  whitish  as  the  "  chalk"  is  only  at  its  top, 
occurs  in  thicker  and  more  compact  layers,  and  has  been  con- 
siderably used  for  bnilding.  It  iscntinto  dimensions  by  a  com- 
mon saw;  and  in  weight  it  ia  much  lighter  than  the  "chalk- 
rock"  of  the  Palisades,  so  that  a  cord  of  it  can  be  drawn  by 
two  horses.  It  forms  a  stratum  at  least  eight  feet  thick,  and  is 
In  layers  from  4  to  8  or  10  inches  thick ;  it  is  divided  by  joints 
with  abont  the  frequency  desirable  for  convenience  in  qnarrying. 
Its  exposures  (it  is  thought  that  the  red  Potsdam  quartzyte  is 
not  seen  in  that  vicinity),  are  between  6  and  20  feet  above  the  Split 
Bock  creek ;  and  it  is  quarried  at  two  places,  or  more,  partly 
upon  each  side  of  the  creek,  which  there  is  probably  75  feet 
lower  than  at  the  Palisades. 

No  such  rock,  nor  anything  comparable  with  it,  is  found  asso- 
ciated with  the  Potsdam  quartzyte,  either  in  Dakota  or  Minne- 
sota, north  and  northeast  of  the  Palisades.  No  fossils  have  been 
seen  In  the  "chalk-rock,"  nor  in  any  portion  of  the  Potsdam 
formation,  at  the  Palisadee,  by  Mr.  Patten,  who  has  excavated 
several  hundred  loads  of  the  "chalk"  for  his  dam.  Excepting 
the  beds  thos  called  "slate,"  "pipestone"  and  "chalk-rock," 
the  two  former  of  which  are  clearly  seen  to  be  layers  in  the 
Potsdam  formation,  all  the  extensive  exposures  of  Its  beds  at 
the  Palisades  are  the  ordinary  qnartzyte,  having  its  nsaal  char- 
acters in  respect  to  color,  hardness,  bedding  and  Joints,  ^o 
conglomerate  was  observed  here;  ripple-marks  were  seen  on 
the  bedding-planee  in  a  few  places.  Barely  this  stone,  probably 
through  the  influence  of  weathering  (perhaps  in  pr^lacial  ages), 
has  a  soft  and  somewhat  friable  structure ;  this  has  been  noticed 
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by  Mr,  Fatten  in  some  outcrops  within  a  quarter  of  a  milt 
the  PaliBadee ;  and  four  miles  to  the  northeast  a  somewha 
pinkish  sandstone  (probably  an  altered  form  of  this  quar 
has  been  encountered  in  digging  wells.  The  next  exposi 
the  Potsdam  quartzyte  south  of  the  Palisades  are  repor 
be  nine  or  ten  miles  distant,  at  the  east  side  of  the  Sioux 
on  the  upland.  Only  a  few  miles  further  south,  this  qua 
outcrops  in  the  extreme  northwest  corner  of  Iowa. 

Ths  ^^  Devils  &u7cA"  is  two  and  a  half  miles  northnor 
from  the  Palisadee  and  is  a  similar  canon-like  gorge,  a  hal 
long,  at  the  east  side  of  Split  Bock  creek,  on  a  trifling  tribi 
Its  walls  of  rock  are  vertical,  30  to  50  feet  high,  and  fro] 
75  feet  apart,  with  pools  of  water  ten  feet  deep  in  the  boti 
the  gulch.  The  rock  here  is  typical  Potsdam  quartzyte,  di 
two  and  a  half  or  three  degrees  (four  to  five  feet  in  a  hui 
towards  the  south-southeast,  or,  more  exactly,  S.  30°  E. 
some  parts  of  the  walls,  as  also  at  Dell  Bapids  and  the  Pali 
are  so  interacted  by  vertical  joints,  nearly  at  right  angli 
from  six  inches  to  two  feet  apart,  that  the  wall  resembl 
cient  masonry,  the  separate  rocks  being  rounded  at  the  et 
weathering.  It  is  also  not  uncommon  to  find  places  at  fb 
face  of  this  rock,  where  it  similarly  resembles  the  square  i 
blocks  of  stone  sometimes  used  for  streets.  The  Palisad 
this  Gulch  seem  to  me  equal  in  picturesqneness ;  both 
worth  going  far  to  see,  especially  in  this  region  of  infrt 
rock  exposures. 

No  glacial  strlse  were  observed  at  the  Gulch  nor  at  th( 
sades. 

13 
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XIII. 

CHEMISTRY. 

'  REPORT  OF  PROFESSOR  DODGE. 

THE  UNITBH8ITY  OF  MINNESOTA, 

CHEUIOAL   LABORATORY. 

MiNifEAPOLiB,  Minn.,  Oct.  6,  1884. 
ProfesaorN.  H.  WtnckeU, 

Dear  Sib:  I  herewith  report  to  yoa  the  results  of  the  an- 
alyses made  by  the  chemical  department  for  the  state  geological 
survey  since  my  last  report.  The  present  report  comprises  the 
analyBes  of  nineteen  siliceous  rocks,  numbered  in  the  ohemical 
series  from  148  to  166  incluslTe;  also  the  analysis  of  a  sample  of 
impure  graphite,  and  the  analyses  of  two  samples  of  water. 

These  analyses  have  been  made  almost  wholly  by  Mr,  C.  F. 
Sidener,  now  instructor  in  the  chemical  department. 

Very  respectfully  yours, 
Jahes  a.  Dodge, 
Prof,  of  Chemistry. 

Chemical  seriea  No.  147.  The  water  of  Big  Stone  lake.  The 
composition  of  the  mineral  matter  dissolved  in  this  water  has 
been  found  to  be  as  follows: 

Put! permillfou.    GrBtDepcrgdlaa. 

Silica 106.50  6.2090 

Carbooate  of  ii«D 2.20  .1283 

Calcium  carbonate 110.60  6.4465 

UagDesinm  corbouata 63.00  3.6748 

MagnesiDm  aalpbate 148.05  S.aans 

Potaaslnm  sulphate : 12.48  .7280 

Sodlamsnlpbate 95.63  6.6781 

Sodiam  chloride 15.12  .8819 

Fhoaphatea traeea 

663.48  32.2814 
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The  amount  of  ui^nic  matter  was  such  as  to  require  1.32 
of  oxygen  per  million  parts  of  water  for  its  oxidation.  Y« 
amount  is  not  very  excessive,  being  rather  less  than  that  i 
Mississippi  river  just  above  this  city. 

The  Tater  Is  remarkable  for  the  large  amount  of  sulp 
also  for  a  mther  lai^e  proportion  of  silica. 
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Chem.  aeries  No.  167.  Sample  of  impare  graphite,  team,  near 
Aitkin. 

Carbon  (ginphite} 41.28  per  cent 

Silics,  8iO, 43,23  " 

Glide  of  iron,  F1,0, 3.03  " 

Alnmina,  AI,0, 10.70  " 

Limo,  Cao 0.46  " 

Hagnenia,  MgO.. 0,05  " 

Uudetermmed  nifttteT .,.,     3.36  " 

100.00 

Chon.  aeriea  Nos.  168  and  169.  Brine  from  the  Humboldt  salt 
well. 

Ing^dien..  di»olved  in  the  w*,«r.  ^^^'     ^'^^8. 

8ili»,8iO, 208,6  12.15 

Alnmina.  A1,0, 4P.9  2.38 

Cu-bouateof  iron,  FeCo, 18.66  1.08 

Sulphate  of  lime,  CaSo, 1,090.2  116,08 

Solphatenf  magnesia,  MgSo, 1,336.4  71.12 

CHbcHute  of  magDena,  MgCo, 1,347.5  78.60 

Chloride  of  magneeiam,  MgCl, 1,567.6  91.44 

Chloride  of  caldnm,  Caa, 2,684.0  156.66 

taiorido  of  potaeaiom,  Ka„ 734.3  42.26 

Chloride  of  ajdinm,  NaQ 47,402,5  2,764.90 

Pho^horic  acid Iracee.               

Totol  Bolid* 67,220.46  3,336.66 

Proportion  of  common  salt,  NaCl,  in  the  total  dissolved  solids, 
82.8  per  cent.  The  samples  from  the  depths  of  180  feet  and  450 
feet  were  united,  and  the  analysis  above  expresses  the  composi- 
tion of  the  brine  thns  obtained.  That  from  the  depth  of  160 
feet  was  apparently  some  stronger  in  sodium  chloride  than  that 
from  180  feet. 

0>em,  aeriee.  No.  170.  Analysis  of  water  of  the  Mississippi 
river  taken  at  Brainerd: 
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SUlck,SiO| - 18.2  1.0616 

Alnmina,  A1,0, 3.9  0.2275 

CwbonMeof  iron,  PeG>,  4.205  0.2453 

CwbMUitooflinie,  CaCo, 111.07  6.4787 

CwbcMUiteof  mogneaift,  MgCo, 27.72  1.6169 

Carboiute  of  pot«sh,  K,Co, 6.0  0.3499 

Cubunate  of  soda,  NagCo, 19.36  1.1292 

Sulphate  of  Boda,  Na.So, „                  3.0  0.1749 

Chloride  of  sodinm,  NaCl 1.5  0.0675 

NitiatM -               tmoea  tiatxa 

Phoaphatei slight  tnoee    slight  tmces 

Total  aolidB 104.955  11.3715 

Parta  p«r  mill  ion 
Oxfgen  required  for  the  oxidation  of  otganio  mattm  bj  tlie 

; _  1.28 


CA«ni.  series,. No.  171.  Assay  of  a  SEunple  of  ore  for  gold  and 
silver. 

Beenlts:    Gold  none;  silver  none. 

Ohem.  series,  No.  172.  A^say  of  a  sample  of  ore  for  gold  and 
silver. 

Beenlts:    Gold  none;  silver  5i'o  Troy  oonoee  per  ton  of  ore. 

Ohem.  series  No.  173.  Supposed  fossil  shells  in  catlinlte.  (See 
before,  page  103.) 

Note. —  The  foregoing  substances  were  derived  as  follows: 

No.  147.     Water  from  Big  Stone  lake,  obtained  by  C.  L.  Heirick. 

No.  148.  Oeol.  snrvej  nnmber  1  B. ;  finely  crystalline  red  syenite.  Dn- 
tnth. 

No.  148.  Qeol.  gnrrey  nnmber  7;  finely  crystalline  brown  syenite.  Du- 
Inth. 

No.  150.  Oeol.  survey  nnmber  19)  crypto-crystalline,  or  amorphous,  yet 
sparsely  porpbyritic  with  red  feldspar  and  slightly  amygdoloidal  with  epidote. 
Dulnth. 

No.  161.  Oeol.  surveynnmber46;finedarkrock,  thicklyporphyriticnith 
rod  feldspar,  fiom  Brewery  creek.    Dalnth. 

No.  153.  Oeol.  survey  number  68;  "streamed,"  light  rod,  metamorpbic 
rock,  with  translooent  lamination!  and  specks.    From  near  London. 

No.  163.  Oeol.  sairey  nnmber  74;  brick-ied,  latber  fragile,  apparently 
gritt;  and  sobcryBtalline.     At  the  muuth  of  Passabika  river. 

No- 164.  Geol.  aorvey  number  117;  "  Two  Harbor  rock,"  crypto-CTyBtal- 
lioe,  brown,  oonchoidal  fractora,  heavy. 

No.  165.  G«al.  snrv^  nnmber  134;  porplish  red  granite,  from  th«  west 
bluff  at  the  entrance  of  Beaver  bay . 
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No.  156,  G«ol.  Boivej  nninber  137;  gray  qiurtzyte,  month  of  Beavtr 
creek,  Beaver  bay. 

No.  157.  0«ol.  anrvey  number  134;  red  granite,  irom  the  third  iaUiid 
below  BeaTer  b^. 

No.  156.  Geol.  anrvc^  number  139;  rock  of  the  balk  of  the  Qreat  Pali- 
No.  159.  Geol.  surrey  number  140;  red,  laminated,  or  "streamed,"  at 
the  base  of  the  Great  Palisades. 

No.  160.  Geol.  survey  nQmber  149;  red,  shaly,  aandrock,  aasodated  with 
conglomerate,  half  a  mile  below  the  flnt  &11b  of  Baptism  river. 

No.  161.  Geol.  survey  nnmber  161,  A;  brown,  alnminons  vein-rock,  crys- 
talline (?3,  from  trap-rocks  at  the  town  line  between  ranges  6  and  6  (on  sec. 
36),  east  of  Pork  bay. 

No.  163.  Geol.  survey  number  203;  the  red  rock  at  Grand  Uarais,  f^un- 
ishing  the  pebbles  of  the  beach. 

No.  163.  Geol.  survey  nnmber  369;  elaty,  pinkish  qnartiyte,  at  the  head 
of  Wftuawangoning  bay. 

No.  164.  Geol.  sorvey  number  385;  red  granite,  from  the  flrst  island  N. 
"W..  from  Belle  Boae  island,  south  of  Pigeon  point. 

No.  166.  Geol.  snrvey  number  555;  T«d  sandstone  or  qoartzyte,  fine 
grained,  from  the  north  aide  of  8i«kiwit  point,  Isle  Boyale,  formerly  quarried 
for  bnilding  stone. 

No.  166.  Geol.  survey  number  SOB;  red  shald,  from  the  quarry  at  Fond 
da  Lac.  reeembl  iug  the  pipeetone  of  sonthweetem  Minnesota,  but  softer  and 
more  sectile. 

No.  167.     Graphite  from  the  vicinity  of  Aitlcin,  fh>m  Mr.  Palmer, 

said  to  be  from  a  well  which  struck  the  rock  at  18  feet,  sitnated  two  miles  N. 
W.  f  om  Aitkin,  apparently  in  a  bed  in  the  rock  of  the  r^on. 

No.  168.  Brine  fV«m  theEnmboldtwell,  iuKittsonconn^,  fiomthedepth 
of  alMut  180  feet;  artesian. 

No.  169.  Brine  flowing  from  the  lai^  pipe  at  the  Humboldt  well,  ftvmthe 
eandrock  at  the  depth  of  450-500  feet. 

No.  170.  Water  from  the  Uissiseippi  river  at  Brainerd,  obtained  by  Dr. 
Howe  in  August. 

No.  171.     Iron  ore.  from  Mayhew  lake,  north  of  Grand  Maraia. 

No.  173.  Rotted  trap-rock,  from  T.  64.7  W.,  sec.  23,  supposed  to  contwn 
gold.    From  E.  M.  Fowler. 

No.  ITS.  Smalt  slab  of  pipestone,  Mnwum  register  number,  6,559;  to 
scrape  off  the  supposed  fossil  sheila  and  test  for  phoiphoma  or  lime. 

N.   H.  WiNCHKLL. 
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MINNESOTA  GEOGRAPHICAL   NAMES  DERIVED 

FROM  THE  DAKOTA  LANGUAGE,  WITH 

SOME  THAT  ARE  OBSOLETE. 


BY  PBOF.   A.   W.   WILLIAM80S. 

[Note. — ProDnncUtioD  is  indicated  b;  respelllng  tike  word  in  k  phonetic 
Alphabet  identical  with  tliBt  of  Dr.  Rig^'  dictiooarj,  except  tliat  the  digraph* 
ch,  gfa,  kh,  eb,  and  xh,  are  uaed  for  bis  dotted  c,  g,  k,  a,  and  i,  and  only  one 
form  of  n.  A  as  in  far;  e  as  a  in  fate;  i  as  in  macbioe;  o  as  in  note;  a  aa  in 
mle;  cb  as  in  charm;  kh  bb  German  cb;  gh  mbvocal  of  kb,  i.  t^,  continuant  of 
g;  Eh  as  c  in  azare;  t,  k,  p,  w,  h,  h,  and  z  as  in  Eagli«li;  b  and  m  nearlj  aa  in 
English,  bat  made  nearer  together;  n  and  d  approach  each  other  still  more,  it 
being  difficalt  for  an  nnpracticed  ear  hearing  some  words  spoken  by  some  Indi- 
ans to  detennine  which  of  the  two  is  nsed;  n  when  it  ends  a  syllable  iasonnded 
as  Canadian  vagageare  aonnd  n  in  bon,  mnch  more  strongly  than  tlie  same 
Bonnd  is  given  by  Parisians.  Moat  Dakotas  very  slightly  naaalize  all  their 
vowels,  and  in  the  caee  of  a  sacceeded  by  k  this  nasalization  is  quite  peicept- 
ib'e  to  a  practiced  ear;  as,  however,  it  is  an  entirely  difierent  sound  from  the 
nasal  repreienied  by  d,  it  is  obviously  impjop«r  to  confuse  words  by  represent- 
ing it  in  the  same  way.  and  being  an  accidental  sottnd  of  no  etymological  valne 
and  scarcely  perceptible  in  pronnnciation,  it  does  not  seem  deairable  to  repre- 
sent it  at  all.  That  we  should  write  Makato  instead  of  Mankato  is  evidrnt  iu 
this,  that  mcka  means  earth  and  mania  skunk,  and  no  Dakota  in  saying  bine 
earth  wonld  in  any  case  use  the  strong  nasal  sound  represented  by  n,  and  which 
if  used  wonld  lead  the  bearers  to  suppose  he  meant,  blue  skunk.  It  is  stud 
that  Fremont  (Nicollet'a  map)  wrote  Habkato  and  the  h  was  changed  to  n  by 
a  broken  type.] 

Anoka  (unoka), — on  both  aides;  name  applied  by  fonodeTS  to 
the  city  laid  ont  on  both  sides  or  Rum  River,  and  since  applied 
to  the  county. 

Chaska  (chaske), —  first  born  child  If  a  son;  applied  to  the  vil- 
lage by  ite  founders. 

Cbapafa  (chapa), — beaver;  the  Dakota  name  of  Beaver  creek, 
a  tribntary  of  the  Minnesota,  and  still  retained  on  old  maps. 

Chanks  sndatatah  (chanka  sdata), — chan,  vood;  ka,  kindle; 
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Bdata,  feeble;  the  name  applied  to  the  Big  3ioux  river  od  Nicol- 
let's map,  ae  given  by  the  Dakotas,  bat  I  think  not  in  use  of  re- 
cent years.  The  Dakotas  still  call  the  Piresteel,  a  tributary  of 
the  James,  or  Dakota,  Chanka. 

Ghanshayapi; — chan,  wood;  gha,  red;  ayspi,  are  on;  Redwood 
river;  bo  called  by  the  Dakotas  on  account  of  the  abnndanc«  of  a 
straight  slender  bnsh  with  red  bark,  which  they  scraped  off  and 
smoked,  oBoally  mixed  with  tobacco.  This  name  is  spelled  by 
Nicollet  Tchanshayapi. 

Chetanba  wakpa  (chetanbe  wakpa), — cketon,  hawk;  be,  nest; 
woApo,  liver  or  creek;  Hawk  creek,  a  tributary  on  the  north 
side  of  the  nppcr  Minnesota. 

Ookato  (chokata), —  choka,  the  middle;  ata,  at;  the  name  of  a 
station  on  the  Manitoba  Railway. 

Ohokio  (chokaya), —  the  middle;  the  name  of  a  station  on  the 
H.  &.  D.  Ry. 

Dakota  (dakota), — alliance  leagne;  the  name  by  which  the 
Dakotas  called  themselves;  now  applied  to  the  territory,  to  a 
oonnty,  and  to  a  village  in  Minnesota,  etc.  Lakota,  a  village  in 
Koi-th  Dakota,  is  the  same  word  in  the  Titon  form. 

Eyota  (iyotan), — greatest,  most;  name  of  a  town  in  Olmsted 
(Xtunty. 

Hogbanwanke  kin, — hoghan,  fish;  wanke.  lies;  Inn,  the;  the 
place  where  the  flsh  lies,  the  Dakota  name  of  the  St.  Croix.  For 
legend  see  Neil's  Minnesota,  p.  94. 

Hokah  (hatkan),^root;  the  Dakota  name  of  Hoot  river,  re- 
taioed  on  old  maps,  and  now  the  name  of  a  village  in  Hou.ston 
county. 

Imnizhaska, — imnizha,  ledge;  ska,  white;  the  Dakota  name  of 
St.  Paul,  given  on  account  of  the  white  sandstone  cropping  out 
in  the  bluffs. 

Intpah  (intpa  or  inkpa, —  k  and  t  interchangeable  before  p), — 
end;  the  Dakota  name  of  Lac  qui  Parle  creek,  flowing  into  the 
river  at  the  end  of  the  lake. 

Inyau  tankinyanyan, —  inyan,  stone;  tankinyanyan,  big;  the 
Dakota  name  of  Big  Stone  lake.  The  name  is  translated  on 
Nicollet's  and  other  old  maps.  It  is  so  named  on  account  of  the 
large  number  of  drift  boulders  along  its  shores. 

Inyan  sha, — inyan,  stone;  aha,  red;  the  Dakota  name  of  Red 

Bock,  near  St.  Paul.     A.  few  rods  from  the  river,  near  the  house 

of  Mr.  Ford,   an  early  settler,  was  a  lar^e  egg-shaped  syenite 

boulder,  believed  by  the  Indians  to  be  the  abode  of  a  powerful 

14 
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spirit,  which  they  worshiped  by  keeping  the  stone  carefnlly 
painted  red,  and  by  offerings  of  food.  Every  Btone  and  every 
other  natural  object  was  believed  by  the  Dakotas  to  be  the  abode 
of  a  spirit,  but  hard,  egg-shaped  stones  only  were  worshiped. 

Ipakshan,  — crooked;     Mdeipakthan,   crooked    lake,     another 
name  given  to  Big  Stone  lake,  referring  to  its  shape;   xoc^cpa 
ipahthan,  crooked  river;  the  Dakota  nameof  the  Big  Sioux  river. 
Isantamde,  knife  lake;  one  of  the  Mille  Lacs,  found  with  vari- 
ant spellings  in  the  Dakota  form,  and  translated,  on  old  maps. 

Isanti  (isanati  or  isanyati), — iaan,  knife;  aii  dwell  on  or  at; 
the  Dakota  name  of  the  part  of  the  nation  occupying  Minnesota, 
and  comprising  the  Siasetons  as  well  as  those  now  known  as  San- 
tees;  it  is  supposed  the  name  was  given  as  this  lake  was  their 
chief  location  for  a  time  on  their  westward  journey;  the  name 
of  a  county. 

Ishtakhba, — isAte,  eye,  khba,  sleepy;  the  name  of  an  eminent 
Diikota  chief,  a  firm  friend  to  the  whites,  who  was  the  first  signer 
of  the  treaty  of  1851.  The  name  was  probably  applied  to  Sleepy 
Eye  lake  about  50  years  ago,  when  his  band  planted  there. 
Nicollet's  map  names  it  Sleepy  Eye  lake;  it  is  now  also  the  name 
of  the  village  near  it. 

lyedan  (iyedan). — md^,  lake;  iye,  speaks;  dan,  diminative 
sufB^,  forms  mdeiyedau,  the  Dakota  name  of  Lac  qui  Parle, 
given  as  iyedan  lake  on  old  maps;  it  is  very  uncertain  how  \X, 
received  the  name;  one  tradition  says  from  an  echo  on  its  shores; 
but  it  is  doubtful  if  any  such  existed;  another  tradition  is  that 
when  the  Dakotas  first  came  to  the  lake  voices  were  heard,  but 
they  found  no  speakers;  some  think  the  word  has  changed  its 
form. 

lyakhba, — sleepy  ones;  the  name  of  the  Iowa  Indians  and  the 

country  occupied  by  them.     Early  explorers  state  that  this  is 

the  Sioux  (Dakota)  name.     It  is  probable  that  '.'00  years  ago  the 

Santees  pronounced  this  word  as  the  Titons  now  pronounce  it, 

the  kh  is  a  sound  not  found  in  French  it  was 

Find  usually  expressed  by  h,  if  at  all,  which  occa- 
The  spelling  Ayavoi9,  as  given  by  Le  Sueur,  is 

word  as  could  be  expected. 

), — whetstone;   the  Dakota  name  of  Whetstone 

ary  of  the  Upper  Minnesota;  the  Dakota  form  is 

collet's  map. 

,11s;  the  Dakota  name  of  St.  Anthony's  Falls,  as 

ike  fcOls. 
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Khakha  'wakpa, — &lla  river;  the  Dakota  name  of  the  Mieais- 
Bippi  liver. 

Kandiyohi  (kandiyohi),— tondi,  buflfolo  fish;  y,  euphonic;  ohi, 
arrive  in;  name  of  the  lake  which  still  retains  it,  since  given  to 
the  town  and  connty. 

Kanpeshka  (kanpe  ska), — name  of  a  round,  curved,  white 
medal,  made  of  shell  and  worn  by  the  DskotaB,  and  probably 
given  to  the  lake  a  little  west'  of  the  boundary  on  accoanC  of  suit- 
able shells  for  making  these  ornaments  which  were  found  there. 

Kaposia  (kapozha,  the  j>  written  by  Dr.  Biggs  with  a  dot  sub- 
script to  denote  a  peculiar  palated  modiflc^on), — light;  the 
name  of  Little  Crow's  band,  and  the  site  of  their  village  four 
miles  t>elow  St.  Paul  on  the  opposite  side  of  the  river.  The 
name  was  given  in  honor  of  their  skill  in  the  favorite  game  of 
laeroMe,  in  which  one  band  played  against  one,  or  sometimes 
against  two  othei«,  for  large  stakes.  Snccess  depended  largely 
on  swiftness  (lightness). 

Kasota  (kasota), — clear  or  cleared  off;  the  name  sometimes  ap- 
plied by  the  Dakotaa  to  the  naked  ridge  or  prairie  plateau  sonth 
of  the  village  of  that  name,  and  now  applied  also  to  a  creek 
running  through  it. 

Mahtomedi  (matomde), — mato,  the  gray  bear,  ursaa  maritimvs, 
mde  lake;  the  Dakota  name  of  White  'Beat  lake,  now  the  name 
of  a  camp  situated  on  it* 

Mahtowa:  mato  grizzly  bear;  roau,  one;  name  of  a  station  on 
Duluth  Railway,  north  of  Hinckley. 

Mankato  (makato), —  the  Dakota  name  of  Blue  Earth  river, 
the  name  of  the  city  as  now  epelled  would  in  Dakota  mean  blue 
skunk  (see  remarks  on  pronunciation,  ante). 

Mayawakan  (mayawakan), — vtaya,  8t«ep  banks;  wakan,  won- 
derfnl,  sacred,  mysterious,  here  properly  translated  remarkable; 
the  Dakota  name  of  the  Chippewa  river,  tributary  to  the  Min- 
nesota; the  Dakota  form  is  given  on  many  old  maps.  It  is  said 
that  Chippewa  is  our  translation  of  the  Dakota  work  Khakha- 
tonwan,  dwellers  at  the  falls,  t.  e.,  Falls  of  St.  Mary,  and  that  it 
was  applied  because  the  Dakotas  sometimes  spoke  of  it  as  the 
river  down  which  they  came. 

Mdewakanton, — dwellers  at  the  lake;  a  name  applied  to  the 
part  of  the  Santees  occupying  eastern  Minnesota  and  western 
Wisoonsin,  said  to  have  been  given  because  they  still  continued 
for  a  time  on  lake  Superior  alter  the  other  Dakotas  left  it. 

•  A  liall-kDOwn  rammer  nurt,  diu  lb<  rlll^e  of  While  Bemr  Uke,  Dear  St.  Fiul 


Google 


108  THIBTEENTH  ANNUAL  BEPOBT. 

Mdechan, — mde  lake;  cAan  wood,  Wood  lake;  the  Dakota 
name  of  the  lake  vhere  General  Sibley  gained  the  decisive  vio- 
tory  over  the  rebel  Dakotas,  Ang.  23,  1862. 

Mdehdakinyan, — lake  lying  croBSTise;  the  I>akota  name  of 
lake  Traverse,  it  lying  crosswise  to  Big  Stone  lake. 

Mde  Minnesots  (mdeminlsota), — sky-tinted  lake,  or  having 
water  nearly  clear,  hot  with  a  slight  whitish  tint;  the  Dakota 
name  of  Clear  lake  near  Fort  Bidgely;  the  Dakota  form  is  given 
on  Bome  old  maps. 

Mdeyata, — mde,  lake;  ata,  at;  at  the  lake;  this  expression  was 
used  hy  the  Dakotas  in  speaking  of  lake  Superior,  regarded  by 
them  as  pre-eminently  the  laie^,  and  so  not  specially  named. 

Mde  tanka,  great  lake,  signifying  the  ocean,  of  which  they 
retained  distinct  traditions. 

Mdeyatanka, — mde,  lake;  ya,  they  speak,  say;  tanka,  lai^; 
the  lake  spoken  of  as  Urge;  the  Dakota  name  of  Ottertail  lake. 

Mendota  (mdote), — the  mouth  of  a  river;  name  of  a  village 
at  the  juuetion  of  the  Minnesota  and  MJs.sissippi.  Those  living 
at  a  distance  usually  sjioke  of  it  as  KhakUamdote,  junction  with 
the  Falls  river,  (.  e.  the  Mississippi  river. 

Maka  re  ozey  (maka  khe  oze),  —  yellow  hanks;  the  Dakota 
name  of  the  Yellow  Banks  river,  a  tributary  of  the  npper  Min- 
nesota. 

Magha  tanka, — big  goose,  i.  e.  swan;  the  Dakota  name  of 
Swan  lake,  Nicollet  county. 

Minneapolis, — mini,  ^-ater;  po?w,  fJroek  for  city;  bow  the  « 
got  in  seems  very  uncei-tain,  some  regard  it  as  merely  euphonic, 
others  as  the  Dakota  prefixed  preposition  a,  on,  others  ns  an 
abbreviation  of  the  Dakota  kha,  foils,  while  still  others,  but  I 
think  with  little  plausibility,  derive  it  from  the  Greek, 

Minnehaha  (minikhakha), — mini,  water;  kha  kha,  falls;  kha- 
kha  ia  derived  from  kha,  curl,  being  the  frequentative  form 
used  with  mini,  water,  meaning  falls  ;  used  with  i  mouth,  mean- 
ing laughing.  To  translate  Minnehaha,  "langhing  water," 
though  not  strictly  accurate,  is  certainly  an  allowable  poetical 
license ;  the  name  of  the  well  known  cascade  near  Fort  Snelling; 
the  Dakotas  usually  called  it,  chistina,  small,  in  distinction 
from  St.  Anthony's  falls. 

Minneinneopa,  or  Mineopa,  (mini  inonpa),  mini,  water  inonpa, 
second ;  the  name  of  a  beaatiful  cascade  near  Mankato,  so  called 
because  the  second  of  two  falls  near  together. 

Minneiska  (mini  ska),  — mini,  water  ;  ska,  white;  the  Dakota 
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name  of  tbe  creek  so  called ;  as  well  said  by  Bev.  A.  L.  Riggs 
"the  i  has  no  basiaess  there,"  yet  it  dates  back  to  Nicollet's 
map. 

^inneota  (mini  ota),  —  much  water,  astation  on  the  Winona 
and  St.  Peter  Railway,  said  to  be  so  named  by  an  early  Bettler 
on  accoDDt  of  an  abundance  of  water  flowing  into  his  well. 

Mioneola,  —  mini  water ;  ola,  Latin  diminutive,  siiid  to  have 
been  invented  as  a  parody  on  Minneapolis,  and  applied  to  a 
township  in  Goodhue  county,  as  the  settlers  thought  ite  eupho- 
niou.s  sound  typical  of  the  beauty  of  the  cou«try. 

Mini  wakan,  —the  wonderful  water ;  the  Dakota  name  of 
Devil's  lake,  said  to  have  been  applied  on  account  of  its  being 
so  large,  and  having  no  outlet.  Wakan  is  persistently  trans- 
lated devil  by  many  frontiersmen,  but  it  is  in  no  case  used  in 
that  meaning.  In  names  it  is  nearly  always  an  adjective,  mean- 
ing wonderful,  remarkable  j  in  other  cases  as  an  adjective,  it 
means  mysterious,  sacred ;  as  a  noun  it  always  means  god. 

Minnesota,  —  (mint  sota),  water  nearly  clear  hut  slightly 
clouded,  as  that  in  the  Minnesota  river,  so  called  by  the  Dako- 
tas.  This  river  is  on  old  maps  called  St.  Peter's,  a  name  given 
by  the  French  explorers. 

Minnetonka  (mini  tanka),  — great  water  j  the  name  of  the 
beautiftil  lake  and  summer  resort  near  Minneapolis. 

Minnewashta, — minne,  water;  icankte,  good;  name  of  a  lake 
known  as  "White  Bear  Lake,"  then  "Lake  Whijiple."  and 
since  changed  to  Minniwashta,  by  act  of  the  legislature,  situa- 
ted in  Pope  county,  near  Glenwood. 

Okabena  (hokahbena), — hokak,  heron;  be,  nests;  »a,  diminutive 
suffix;  the  nesting  place  of  the  herons;  the  name  of  the  lake  at 
Worthingtou, 

Okaman  (hokahman), — kokah,  heron;  man,  nests;  the  name 
applied  to  mills  near  Lake  Elysian,  said  to  have  been  applied  by 
the  Dakotas  to  the  same  site.  Man  and  be  are  variant  forms  of 
the  same  word.  The  loss  of  the  h  In  these  two  words  is  ac- 
counted for  by  the  lighter  stress  laid  on  this  sound  by  Dakotas. 

Okheyawabe,  — ofche,  hill ;  yawdbe,  referring  to  its  being  much 
visited }  the  Dakota  name  of  Pilot  Knoh,  back  of  Mendota. 

Oiyaweghe, — the  crossing;  the  name  given  by  tbe  Dakotas 
to  Travers  dee  Sioux,  because  they  usually  crossed  the  Minne- 
Boto  here,  in  going  from  the  upper  to  the  lower  villages. 

Omaha, — the  Dakota  name  of  the  Omaha  Indians;  applied  to 
a  small  creeek  in  Southwestern  Minnesota,  on  old  maps. 
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Ojata  (ozhate), — forks;  the  name  of  a  statioQ  near  Grand  Forks. 

Owatonna  (Owotonna), — straight;  the  Dakota  name  of  Straight 
river,  on  which  the  city  of  Owatonua  is  situated. 

Pajntazee  (pezhihutazi,  abbreviated  from  Pezhibntazizi  ka 
pi),  —  p^,  generic  name,  inclading  graasee  and  all  other  erect 
plants  without  wood  sterns;  Auto,  root;  «,  yellow;  kapi,  they  dig; 
diggings  of  yellow  plant  i-oot,  or  yellow  medicine  diggings;  the 
Dakota  name  of  the  Yellow  Medicine  river,  written  by  Nicollet 
Pejata  zizi;  the  name  as  first  spelled  was  the  name  given  by  Dr. 
T.  S.  Williamson  to  his  station,  and  is  found  in  tbis  form  on  a 
number  of  maps. 

Ptansinta, — probably  of  pUin,  otter,  and  aiiUe,  tail;  the  name 
of  the  Dakota  village  at  the  head  of  lake  Traverse. 

Be  ipa  (kbe  ipa), — Kke,  hill  or  ridge;  i,  prefixed  preposition, 
to;  pa,  head;  the  Dakota  name  of  the  "head  of  the  Coteau." 

Bemnicha  (Khemnichan), — Khe,  hill;  mni,  contraction  of  mint, 
water;  chan,  wood;  the  Dakota  name  of  Bed  Wing,  given  on 
acconnt  of  the  union  of  these  features  there;  applied  also  to  Hay 
creek  flowing  into  the  Mississippi  there. 

Sappah  (sapa), — black;  the  Dakota  name  of  Black  river,  Wis- 
consin. 

Sbakopee  (shakpi), — six;  the  Dakota  chief  of  the  baud  for- 
merly occupying  the  site  of  this  city  was  Hhakpidan,  Little  Six. 
The  usual  Dakota  name  of  the  band  waa  Tinta  tonwan,  Dwellers 
on  the  prairie. 

Sbunkasapa, —  ihuiika,  dog;  sapa,  black;  Black  Dog,  a  Dakota 
chief,  and  name  of  hia  village  near  Hamilton  station,  Omaha 
Bailway. 

Sisscton  fsisin  towanyan), — mst'n,  fish  scales;  towanyan,  viU^e; 
the  most  numerous  clan  of  the  Santee  Dakotas.  They  occupied 
in  common  with  the  Wahpetons,  nearly  all  Minnesota  west  of 
Carver,  except  the  extreme  northern  part.  The  name  was  given 
them  when  they  were  further  east,  living  principally  on  fish,  and 
in  one  village. 

Tamaha — pike;  the  Dakota  name  of  Hudson;  for  legend  see 
Neil's  Mianenota,  p.  91. 

Tanpaynkedan  —  tanpa,  white  birch;  yvke,  is  there;  dan,  dimin- 
utive; the  Dakota  name  of  Birch  Cooley,  where  our  forces  nnder 
Maj.  Brown  fought  a  disastrous  battle  in  1862. 

Tdianshayapi,  see  Chanshayapi. 

Tintab  (Tinta), — prairie;  a  station  on  the  Manitoba  Bailway. 

Tintatonwau,  see  Shakopee. 
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TipBinna, — s  farinaceous  bnlbouB  root,  amnch  nsed  and  highly 
prized  article  of  food;  the  oame applied  to  thePomme  deTerre, 
or  apple  river.  The  French  is  a  translatioD  from  the  Dakota, 
the  English  a  mis-translation  from  the  French. 

WahnaCan  (vaanatan), — he  vho  makes  an  attack;  a  celebrated 
Siaseton  chief,  formerly  the  name  of  a  county  in  Minnesota. 

Wabasha  (Wapahasha), —  red  battle-standard;  as  wapaha  is 
also  used  to  mean  hat,  this  is  sometimes  incorrectly  translated 
"Bed  Hat;"  the  name  of  the  chief  whose  land  occupied  the 
country  below  lake  Pepin  and  had  their  village  on  Winona  prai- 
rie, which  was  for  many  years  called  "  Wabashaw  prairie"  by 
steamboatmen  and  early  settlers;  it  is  now  the  name  of  a  city 
and  county,  but  the  oft  repeated  statement  that  this  was  his  resi- 
dence is  erroneous. 

Wacoata  (wakute), — he  shoots;  the  name  of  the  chief  whose 
band  was  located  at  Bed  Wing;  the  name  of  the  railway  station 
next  south  of  Bed  Wing. 

Wahpeton  (wakhpetouwan),  wakkpe,  leaves;  tonioan,  dwell, 
dwellers  among  the  leaves,  one  of  the  four  Santee  clans;  (see 
SiaactMi),  a  town  in  Dakota. 

Wahpekut«y  (wakhpeknte), —  leaf  shooters,  the  smallest  of  the 
fonr  Santee  clans.  They  lived  chiefly  in  the  valleys  of  the  Blue 
Earth  and  Cannon. 

Wakinyan  oye, — the  thunderer's  track;  given  by  Nicollet  who 
translated  it  lightning's  track;  the  name  of  three  small  lakes 
near  Big  Stone  lake.  The  Dakotas  say  that  these  tracks  were 
made  by  the  infant  Thnnder-god,  probably  the  most  worshiped 
of  their  deities. 

Warajo, — wagha,  cottonwood;  zhu,  pour,  plant,  etc;  the  name 
applied  by  tbeDakotas  to  the  Cottonwood  and  Little  Cottonwood 
rivers  on  account  of  the  Cottonwood  groves  so  frequent  along 
them.  The  word  lUtle  is,  in  Dakota,  chistina,  and  placed  after 
the  noun. 

Watonwan, —  this  word  might  mean  "Isee,"  or  "he  sees," 
intransitive;  it  may  have  been  applied  to  this  branch  of  the 
Blue  Earth  as  being  a  prairie  conntr?  and  presenting  a  good 
prospect,  hut  it  is  uncertain  whether  this  is  the  meaning  on 
whi(^  the  appellation  was  given;  the  Dakota  name  of  the  river, 
now  used  for  the  county,  also, 

Waseca  (wasecha), —  rich,  especially  in  provisions.  I  was  in- 
formed in  1855  by  a  gentleman  who  was  a  stranger  to  me, 
who  professed  to  be  one  of  the  first  settlers,  that  this  name  was 
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given  in  response  to  inquiries  as  to  the  Indian  word  for  fer- 
tile, and  adopted  as  a  name.  Iq  Dakota  writing  and  books 
the  word  woseca  is  spelled  as  we  spell  the  name,  and  is  a 
word  likely  to  be  given  in  answer  to  such  a  question.  The  soil 
is  also  very  fertile.  I  have  since  several  times  seen  it  stated  in 
print  that  the  word  Is  a  corruption  of  waskichun,  white  man, 
given  on  account  of  a  solitary  white  man  I'esiding  there,  but  I 
am  unable  to  ascertain  that  there  was  any  such  resident,  or  that 
any  Dakota  ever  gave  the  place  this  name,  and  think  the  first 
derivation  much  more  probable.  It  is  the  name  of  a  city  and 
county. 

Wasioja  (wazi  ozhn), —  itazi,  pine;  oehu,  place  in,  etc.;  the 
Dakota  name  of  the  Zambro  river,  given  on  account  of  the  scat- 
tered pines;  retained  on  old  maps  and  applied  by  the  whites  to 
a  village  in  Dodge  county. 

Wastedo, — toashte,  good;  do,  emphatic  particle;  name  of  a 
post  office  in  Goodhue  connty, 

Waubay  (wabe), — pla<%  of  hatching  of  birds;  name  of  a  lake 
and  town  west  of  Millbank,  Dakota. 

Wayzata  (wazi  yata),— twizi,  north  (also  pine),  ota,  at;  the 
name  of  the  station  at  the  north  end  of  Lake  Minnetonka. 

Winona  (winooa), — first  born  if  a  daughter,  diminutive  of 
wino  woman;  the  name  of  the  city  built  on  what  was  formerly 
called  "Wabashaw's  prairie."  The  name  of  the  band  was  Ki- 
yuksan,  breakers  in  two,  or  violators,  so  called  because  they  vio- 
lated the  custom  forbidding  relatives,  however  distant,  to  marry. 

Yankton  (ihanktonwan),^  end  village;  the  clap  of  Dakotas 
formerly  occupying  the  southeast  part  of  Dakota.  It  is  said  that 
this  name  was  given  when  their  village  was  at  the  west  end  of 
Lake  Snperior,  but  this  is  uncertain. 

In  preparing  the  above  I  am  greatly  indebted  to  an  able  artide 
in  lapi  Oaye,  January,  1883,  by  Bev.  A.  L.  Bi^s,  and  to  in- 
formation obtained  from  my  father.  Dr.  T.  S.  WiUiamsou. 

A.  W.  W. 
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XV. 
ENTOMOLOGY. 


BY  O.  W.  OBSTLUHB. 

MnmEAPOLiB,  MiKN.,  April  1,  1886. 

Prof.  N.  H.  Winched,  ^ate  geologigt: 

There  iB  probably,  at  present,  not  a  crop  in  this  state  more 
threatened  aud  ii^nred  by  insects  than  the  cabbage.  It  is  for 
this  reason  that  I  submit  the  following  list  and  notes  on  insects 
ituurions  to  the  cabbage,  as  they  were  observed  last  snmmer  on 
the  experimental  £arm  of  the  State  University,  incomplete  as 
they  may  be  when  applied  to  the  whole  state,  being  the  obser- 
vations of  but  one  season  and  confined  to  one  ooanty.  Still,  I 
hope  they  may  have  some  value  to  the  &rmer  and  gardener  in 
their  endeavor  to  become  fomiliar  with  and  to  overcome  these 
pests;  being  the  first  record  of  several  of  these  Insects  as  occnr- 
ring  in  Minnesota,  they  will  also  have  their  scientific  value. 

INSEOTB  INJURIOXTS  TO  THE  OABBAGK 

1. — Pieris  rapcB,  Sckrank — The  white  or  in^orted  a^bcffe  bvUerfiy. 

This  is  the  most  common  and  destmctive  of  oar  cabbage  in- 
sects. It  was  introdaoed  from  Europe,  where  it  also  proves 
quite  destructive  to  the  cabbage,  about  thirty  years  ago,  and 
has  already  spread  over  the  greater  part  of  North  America,  proving 
that  introduced  species  often  fiourish  ezoeedingly,  and  become 
even  more  destmctive  than  native  species  of  similar  habits.  It 
has,  apparently,  already  settled  down  for  good  in  this  state,  and 
can  be  considered  as  a  permanent  addition  to  our  insect-fhuna. 
I  believe  that  this  species  is  so  well  known  that  no  description 
16 
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is  necessary  for  its  identification,  bat  as  ve  bare  several  otber 
species  similar  in  habit  and  hardly  less  it^nrions,  I  shall  give  a 
short  description  of  all.  of  them,  so  that  they  can  be  more  easily 
compared  and  identified  by  the  intelligent  iarmer  and  gardener, 
vho  may  wish  to  know  something  aboat  the  destroyera  of  their 
labor  and  hov  they  may  best  free  themselves  from  them. 

DeKripUon. 

The  eggs. — ^Tbese  are  laid  by  the  vhite  bntterfly  that  we  see 
hovering  fu-onnd  oar  gardens  as  soon  as  the  tender  plants  are 
ready  to  be  set  ont  in  the  spring,  and  are  continued  to  be  laid  for 
SQCcessive  broods  daring  the  whole  season  whenever  the  weather 
is  at  all  favorable.  They  are  very  small ;  ftasiform ;  ribbed  lon- 
gitadinally,  which  can  be  easily  seen  by  a  lens ;  of  a  light  yel< 
lowisfa  color,  bat  which  soon  becomes  darker.  Generally  they 
are  fonnd  singly  or  only  a  few  together  on  the  ander  side,  bnt 
also  occasionally  on  the  opper  side,  of  the  leaves. 

The  larvtB. — The  larvte,  or  worms,  as  they  are  more  commonly 
called,  at%  rather  slnggish  in  their  movements ;  of  a  velvety* 
green  color,  with  black  dote,  a  pale  yellowish  stripe  down  the 
back,  and  a  row  of  yellow  spots  on  each  side.  They  are  gener- 
ally found  in  all  sizes,  from  those  just  hatched  to  the  full  grown 
one,  abont  one  and  a  half  inches  in  length.  They  are  also  found 
to  feed  upon  the  cauliflower,  turnip,  mustard,  and  other  cmcif- 
eroDfi  plants,  though  they  seem  to  be  very  partial  to  the  cabbage. 

Ths  chrysali*. — The  chrysalis  is  really  an  object  of  beauty  and 
wonder,  although  we  destroy  it  without  consideration,  as  it 
proves  so  destructive  to  our  garden  if  allowed  to  develop.  It  is 
about  three-fourths  of  an  inch  long;  angulated,  and  pointed  at 
both  ends;  in  color  it  varies  with  minute  black  dots  from  grayish- 
green  to  quite  light.  lb  is  found  suspended  by  a  web  of  silk  at 
the  end  of  the  body,  into  which  the  hooks  of  the  posterior  end 
are  twisted,  and  also  by  a  thread  of  silk,  stretched  around  the 
back  and  fitstened  to  the  board,  fence  or  stone  under  which  tiie 
larva  has  chosen  its  place  for  transforming. 

The  imago. — The  ftill  developed  butterfly  has  the  body  black 
and  quite  hairy;  the  wings  white  above,  with  a  dnsky  or  black 
space  at  the  tip  of  the  fore  wings,  and  several  black  spots  dis- 
posed in  a  line  on  the  middle  of  the  wings;  on  the  under  side 
the  hind  pair  of  wings  are  yellowish,  the  fore  pair  only  so  on 
the  anterior  part.     It  expands  from  two  to  two  and  a  half  inches. 
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Street  to  paraxUes  and  sickness. 

Several  parasites  are  already  known  to  occnr  in  this  country 
on  the  larree  of  this  species,  and  they  will  probably  prove  an 
e£fective  check  on  the  too  great  increase  tn  the  tutarc  As  far 
as  known,  none  have  yet  been  observed  in  this  state,  but  if  not 
actaalty  here  they  will  be  as  sare  to  occar  in  doe  time  as  the 
batterfly  iteetf.  Parasites  generally  do  spread  a  great  deal 
slower  than  the  insect  on  which  they  live.  The  larvae  are  also 
known  to  be  subject  to  Bome  kind  of  .sickness  that  occasionally 
cariies  them  off  in  great  numbers.  During  the  past  season  this 
has  proven  to  be  very  generally  the  case  in  this  state.  The 
cause  of  tJus  sickness,  or  epidemic  as  it  might  well  be  called, 
has  not  yet  been  nia4e  ont  to  satisfaction,  bnt  very  probably  it 
is,  as  has  been  snggested  by  some  entomologiBts,  some  kind  of 
fungus  disease  or  rot,  which  is  favored  by  the  dampness  of  the 
weather  and  the  slow  vital  energies  of  the  larvse  during  such 
times;  for  it  has  been  observed  that  dnring  long  rains  and  con- 
tinued dampness  it  is  very  prevalent  among  the  larvffi,  while 
during  dry,  or  only  showery,  weather,  it  is  rare.  The  larves  as 
soon  as  affected  cease  to  feed  and  become  even  more  sluggish  in 
their  movements;  their  bodies  become  very  pale  and  soft,  and 
some  time  after  they  can  be  seen  hanging  from  one  of  their  legs, 
or  fallen  to  the  ground,  and  the  contents  of  their  body  dissolved 
and  running  down  as  a  black  fluid,  leaving  only  a  black  streak 
on  the  oabtKige  leaf  as  the  remains'  of  their  former  existence. 

Preventives  and  remedies. 

Whenever  the  insect  can  be  destroyed  in  any  of  its  stages  it 
will  prove  an  effective  preventive,  especially  if  it  be  the  female. 
Generally  we  do  not  pay  any  attention  to  the  chrysalids,  even 
if  we  find  them  in  great  nnmbers  on  the  fences,  in  the  rubbish, 
etc.,  around  our  garden,  bnt  we  let  them  all  develop  into  the 
white  butterfly,  and  this  we  allow  to  fly  unmolested  over  our 
eabbage  plants  until  they  have  been  well  stocked  with  the  future 
brood;  and  not  until  the  larvte  have  become  so  numerous  that 
they  threaten  to  devour  our  whole  crop,  or  at  least  seriously 
damage  it,  do  we  look  around  for  some  means  of  saving  it.  A 
great  many  remedies  have  been  experimented  on  and  proposed, 
but  mostly  they  are  either  too  costly  or  impracticable  in  their 
application  to  become  of  general  use.    When  the  crop  is  too 
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larg^  to  be  t&ken  care  of  by  hand-pickiDg,  which  is  the  cheapest 
and  surest  way  in  a  small  garden,  we  have  foand  the  application 
of  hot  water  to  be  one  of  the  best.  It  was  tried  several  times  last 
Bonimer  at  the  experimental  farm  of  the  State  TTniverBity,  and 
with  very  eatisfactory  results.  The  thick  leaves  of  the  cabbage 
are  snch  that  they  can  Btand  water  being  sprinkled  on  them  at 
a  boiling  point  withont  any  bad  effect,  and  it  will  prove  a  snre 
destractlon  to  all  the  larvee.  A  good  and  carefbl  coltivation  is 
also  very  importaot.  If  we  neglect  our  garden  or  field  it  will 
become  only  a  too  fit  place  for  injurious  insects,  and  remedies 
that  we  may  apply  will  be  of  little  use,  while  in  a  clean  and  well 
coltivated  garden  the  injury  will  seldom  become  serious. 

2. — Phma  braasiea,  RUey. — The  cabbage  Flu»ia. 

This  is  oue  of  the  most  destructive  species  to  the  cabbage  in 
the  southern  states.  It  has  been  recorded  as  &r  north  in  the 
Mississippi  valley  as  niinois,  but  I  think  this  is  the  first  no- 
tice of  its  occurence  in  Minnesota.  I  have  taken  it  repeatedly 
during  the  last  season,  both  in  Bamsey  and  Hennepin  coanties, 
where  it  by  no  means  is  a  rare  insect;  and  the  extent  of  its  in- 
jury is  hardly  less  than  that  of  the  foregoing  species.  From 
present  indications  we  have  much  to  fear  from  it. In  the  future. 
Few  of  our  farmers  and  gardeners  seem  to  be  aware  of  its  exist- 
ence, but  this  is  probably  from  the  different  habit  that  this 
species  has  from  the  foregoing  and  more  common  white  cabbage 
butterfly.  The  imago,  being  a  moth,  is  seldom  ever  noticed  in 
the  cabbage  field,  and  the  larvie  are  in  size  and  color  somewhat 
similar  to  those  of  the  white  butterfiy  and  can  therefore  be  easily 
overlooked  by  the  untrMued  observer.  The  food-plants  of  the 
larvffi  in  their  native  state  are  several  of  our  wild  herbs,  but 
unfortunately  they  have  also  taken  a  liking  to  several  of  oar 
garden  plants,  as  the  cabbage,  turnip,  tomato  and  celery. 

Description. 

The  eggs. — According  to  Prof.  Biley  the  ^gs  are  pale,  green- 
ish-yellow in  color,  somewhat  convex,  and  about  .55  mm  in  di- 
ameter (.02  inch).  From  the  centre  radiate  numerous  elevated 
ridges  which  are  divided  by  transverse  and  less  distinct  ridges. 
They  are  very  loosely  attached,  either  singly  or  in  small  clusters, 
to  the  leaves,  for  the  most  part  to  the  upper,  but  exceptionally 
to  the  lower  surface. 
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The  larva. — The  larva  is  light  green  in  color,  with  several 
&int  white  lines  along  the  back;  thickest  at  the  posterior  end 
and  Bomevhat  tapering  in  front.  It  is  one  of  the  so-called  loop- 
eis,  and  on  being  disturbed  or  in  rest  will  raise  the  middle  of 
the  body  so  as  to  foi-m  a  kind  of  loop  and  remain  in  this  position 
sometimes  for  a  long  while.  It  eats  long,  irregular  holes  into 
the  cabbage  leavea.  According  to  Prof.  Biley  Uie  larree  of  this 
species  are  sabject  to  several  parasites  and  oiten  to  a  lungOB 
disease,  and  as  they  live  exposed  on  the  onteide  of  the  plant  are 
often  devonred  in  great  nombers  by  birds.  As  far  as  my  obser- 
vations  go  with  regard  to  these  points  in  Minnesota,  the  larvn 
were  ordinarily  found  on  the  aoderside  of  the  cabbage  leaves, 
and  of  all  the  species  I  have  obsei'ved  as  ii^urious  to  the  cab- 
bage, this  one  has  been  the  healthiest  and  least  es:poeed  to  para- 
eitea  I  have  raised  several  handred  of  these  larvee  and  a  very 
small  per  cent  failed  to  reach  maturity,  and  during  cold  and 
damp  weather,  when  nearly  every  larva  of  the  white  butterfly 
was  affected  by  disease,  and  even  some  of  the  other  native  spe- 
cies showed  weakness,  this  species  seemed  to  remain  unaffected. 
This  would  lead  ns  to  infer  that  the  species  has  lately  extended 
ita  range  into  this  state  and  has  not  yet  been  followed  by  its  or- 
dinary enemies,  and  finding  here  an  uncontested  field,  increases 
without  check.  If  this  proves  to  be  so  we  have  much  to  fear 
for  the  coming  years  until  the  parasites  will  also  have  extended 

The  pupa, — ^The  pupa  is  aboat  three-quarters  of  an  inch  long; 
dark  brown  in  color.  It  can  easily  be  sesi  throagh  the  very 
loose  web-like  cocoon  that  the  larva  spins  around  itself  before 
nndergoing  the  transformation.  The  place  for  transforming  is 
generally  on  the  leaf  or  stalk  of  the  plant  on  which  the  larva 
has  been  feeding. 

The  imago. — The  moth  is  of  a  grayish-black  color,  with  a 
pat<di  of  silvery  white  on  the  fore  pair  of  wings,  and  a  spot  of 
the  same  color  iounediately  below  this  patch;  the  hind  pair  of 
wings  are  lighter  colored,  with  jiosterior  half  blackish  and  snr- 
rounded  by  a  fringe  of  white;  the  underside  of  the  moth  is  of  a 
dnll  silvery-gray. 


This  species  has  shown  itself  better  able  to  withstand  the  ap- 
plication of  insecticides  than  any  other,  and  wilt  therefore  be 
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more  difBcalt  to  get  rid  of.  Hot  water  vill  kill  the  larvaB  if  it 
reaches  them.  We  shall  probably  have  to  look  to  the  natural 
enemies  as  the  beet  check  here  as  elsewhere,  if  they  should  prove 
to  become  as  common  as  the  white  butterfly. 

3. — Flvtdla  oruciferarum,  ZeU. —  The  cabboffe  FlvteUa. 

This  little  moth  is  very  common  over  the  greater  part  of  the 
United  States,  and,  like  closely  related  species  in  Enrope,  prov«8 
very  destructive  to  the  cabbage,  tnrnip,  and  similar  plants. 
From  the  small  size  of  the  larva  and  moth  of  this  species  it 
seems  to  have  been  very  generally  ovei-looked  in  this  country, 
and  the  mischief  done  by  it  ascribed  to  that  of  the  common 
white  bntterdy.  It  has  been  fonnd  very  common  in  Bamsevf^nd 
Hennepin  counties  daring  the  past  season,  and  undoubtedly 
already  exists  over  the  whole  state  where  cabbage  is  coltivated. 
Fortunately  it 'only  attacks  the  outer  leaves,  leaving  the  head 
uninjured;  but  it  is  incessantly  at  work  on  those,  riddling  them 
with  small  holes.  And  during  very  dry  seasons,  when  they 
sometimes  do  multiply  exceedingly,  they  may  prove  very  de- 
structive to  the  cabbage,  and  greatly  stunt  and  retard  the  growth 
and  the  formation  of  the  head. 

Iteecription. 

The  eggs. — 'Eggs  were  at  several  times  noticed  that  very  prob- 
ably will  prove  to  be  those  of  this  species.  They  were  very 
small,  oblong,  about  half  or  a  little  more  than  as  broad  as  longj 
&stened  from  their  side  and  not  base  as  in  those  of  the  white 
butterfly;  color  white  or  whitish ;  surface  very  much  wrinkled. 
<3eneral]y  found  singly,  but  often  in  clusters  of  two  or  more  to- 
gether or  in  a  row. 

The  larva. — The  larvfB  are  a  little  over  a  quarter  of  an  inch 
loi^;  cylindrical,  gradually  tapering  from  the  middle  towards 
both  ends;  color  pale  green;  head  and  flrst  segment  commonly 
pale  yellow.  On  being  disturbed  they  have  a  very  active  wrig- 
gling motion,  moving  briskly  backwards  or  letting  themselves 
foil  to  the  ground  by  a  fine,  web-like  thread. 

The  pupa. — ^When  about  to  pupate  the  larva  spins  for  itself  a 
very  beantlfnl,  gauze-like  cocoon,  through  the  wide  meshes  of 
which  the  pupa  can  plainly  be  seen,  and  can  generally  be  found 
very  plentiful  on  the  outer  leaves  on  which  the  larva  feeds.    The 
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papa  its^f  is  aboat  one-fourth  of  an  inch  long,  of  a  white  ooIm', 
with  the  black  eyefi  at  the  base  of  the  antennsB  very  oouBpicaoos. 

Tie  imago. — The  moth  measures  abont  .30  in.  in  length  to  the 
tipa  of  the  cloaed  wings,  and  when  at  rest  the  antennffi  are  di- 
rected in  a  straight  line  forward,  and  not  taraed  backward  as  is 
generally  the  ease.  On  being  disturbed  by  walking  through  the 
cabbage  field!,  it  can  be  Been  flying  with  a  very  quick  motion, 
but  only  for  a  short  distance,  when  it  will  again  alight  on  some 
plant  until  disturbed. 

Bemediee  applied  to  the  other  Bpecies  are  also  generally  very 
effective  on  this. 

4. — Ceramica  picta,  Hdrrit. — The  Zdtra  odbbage  worm. 

Harris,  some  thirty  years  ago,  called  attention  to  this  species 
as  occasionally  injurious  to  the  cabbage,  cauliflower,  spinnaob, 
beet,  and  other  garden  vegetables  with  succulent  leaves.  It  has 
since,  at  several  times,  shown  itself  quite  destructive  to  the  cab- 
bage, especially  during  dry  seasons,  when  the  wild  plants,  upon 
which  it  ordinarily  lives,  have  become  dried  up.  It  was  taken 
at  several  times  on  the  cabb^^  during  the  last  summer,  in  Min- 
nesota, and  must,  therefore,  be  put  down  aa  one  of  our  insect 
enemies  to  the  cabbie  against  which  we  need  to  be  on  our  guard. 
The  larva  is  very  conspicnons  on  account  of  the  bright  yellow 
markings,  or  bands,  on  either  side.  It  lives,  exposed,  on  the 
leaves  of  the  plants  on  which  it  feeds. 

The  Jaroa, — ^When  young  the  larvee  are  almost  black.  They 
arethengr^arions  in  habit  and  can  be  found  from  twenty-five 
to  fifty  or  more  on  a  single  leaf,  but  as  they  grow  older  they 
spread  all  over  the  field.  When  fnll  grown  they  are  about  two 
inches  in  length,  of  a  velvety  black  color,  with  the  head,  legs 
and  under  side  tawny  red;  on  each  side  there  are  two  lateral  yel- 
low  lines  and  bands,  between  which  are  nnmereus  transverse, 
zebra-like  lines,  giving  to  the  larva  a  very  charat^ristic  ap- 
pearance. 

The  pupa. — The  larvse  when  full  grown  go  into  the  ground 
and  there  change  to  the  pupa,  which  is  about  three-fourths  of  ui 
inch  long,  in  color  shining  brown,  and  rather  thickly  punctured. 

The  imago. — The  moth  is  noctamal  in  habit,  and  therefore 
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Beldom  Been  in  the  field.  It  is  about  the  same  size  as  the  Plnsia 
moth,  but  brovn  in  color,  shaded  vlth  parple-brovn.  It  has 
three  spots  on  each  of  the  fore  vings,  edged  vith  gray,  and  a 
transverse  zigzag  line,  forming  a  more  or  lees  distinct  W  in  the 
middle,  near  the  outer  margin.  The  bind  wings  are  white, 
fointly  edged  with  brown  on  the  upper  and  outer  edgee. 

On  account  of  the  larvs  when  young  baviag  a  gregariooB 
habit,  they  can  then  be  easily  destroyed  by  catting  off  the  in- 
fested leaf  and  destroying  it.  The  eggs  are  hatched  in  the  early 
part  of  June,  and  the  young  colonies  of  larree  should  then  be 
looked  for. 

5. — Mamegtra  ckeTiopodii,  Albin.  —  The  cabbage  Mameglra. 

Noinjnry  has  been  reported  or  observed  as  caused  by  this 
species  in  the  state,  and  so  for  only  a  few  larree  have  been  taken 
on  the  cabbage;  but  as  it  has  shown  itself  very  destrnctiTC  to 
the  cabbage  in  other  parts  of  the  country,  it  may,  under  favor- 
able circumstances,  become  even  as  destructive  here  as  else- 
where. The  larva  is  easily  distiugnished  itom  any  of  thefoi-egolng 
by  a  lateral  line  along  its  body  of  pinkish  color;  the  green  color 
varies  oonsiderably,  from  a  dark  to  a  light  green.  The  pupa  is 
found  in  the  gronnd,  and  the  moth  is  of  a  yellowish-gray  color, 
varying  sometimes  to  a  dark  brownish  gray.  It  has  not  got  the 
silvery  spots  on  the  fore  wings  like  those  of  the  Plosia.  In  case 
the  larvffi  of  this  species  should  become  very  numerous  and 
troublesome  in  this  state,  entomologists  hare  recommended  as 
the  best  remedy  the  use  of  poisoned  turnip  leaves  as  a  trap. 
The  leaves  should  be  well  covered  with  a  London  purple  or 
Paris  green  solution  and  placed  at  intervals  along  the  rows. 

6. —  MurgatUia  kiMrionica,  Edhn.  —  The  harlequin  cabbage-bug. 

During  last  summer  some  of  the  very  characteristic  e^ggfi  of 
this  Bpedes  were  taken  on  the  cabbage  on  the  es:perimental  form 
of  the  University,  giving  indications  of  a  new  insect  pest  for  the 
cabbage  in  this  state.  It  is  a  southern  insect,  but  has  been 
known  to  extend  its  range  northward  from  year  to  year,  as  the 
Colorado  beetle  extended  its  range  eastward,  though  its  progress 
has  been  a  good  deal  slower.  It  has  been  recorded  in  the  Mis- 
sissippi valley  as  for  north  as  IlliDois,  and  Professor  Lintner, 
in  his  first  report  as  state  entomolt^ist  of  Kew  York,  intimates 
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tbat  it  is  capable  of  eztendiDg  its  rai^e  as  far  north  as  to  include 
Minnesota  and  WisconsiD.  In  the  south  it  is  one  of  the  most 
destructive  insects  to  the  <»hb^e.  It  is  not  a  larva  or  worm 
like  the  forgoing  species  ve  have  noticed,  bat  it  belongs  to  the 
order  Hemiptera,  ortrae  bags,  sachas  the  plant  lice,  sqaash-bng, 
and  Biniilar  ones,  vhich  are  provided  with  a  beak,  or  rogtrum,  as 
it  iti  called,  which  they  thrnst  into  the  plants  on  which  they  live 
and  imbibe  the  sap,  thereby  injaring  or  killing  the  plant  when 
they  become  very  nnmeroos.  Although  only  the  eggs  have  aa 
yet  been  observed  in  this  state,  it  is  very  probable  that  in  the 
near  future  we  shall  have  all  the  sta^^ee,  and  if  it  should  prove  to 
be  as  destructive  here  as  further  south  we  have  another  species 
that  will  not  stand  back  to  that  of  the  wliite  butterfly  in  the 
extent  of  its  injury.  I  shall  therefore  call  attention  to  it  that 
our  farmers  and  gardeneiB  may  be  on  the  watch.  As  I  have  not 
had  the  opportunity  to  study  this  species  in  the  different  stages, 
having  only  seen  the  eggs,  I  shall  give  the  description  of  Prof. 
Lintner,  found  in  the  report  alluded  toabove.  Any  information 
or  inquiry  with  regard  to  this  species  will  be  gladly  received. 

Description. 

ISffffs. — The  e^;a  are  beautiful  objects,  and  are  easily  recog- 
nizable. They  are  cylindrical,  with  rounded  extremities,  placed 
on  end,  and  cemented  together  by  their  sides.  They  are  white, 
tinged  with  green,  apically,  with  two  black  bands,  the  upper  one 
of  which  is  twice  as  broad  as  the  lower,  and  placed  a  little 
nearer  to  the  extremity  of  the  egg.  The  apex  is  strikingly 
marked  with  a  black  creecent  bordering  the  slightly-depressed 
lid  (which  opens  upon  a  hinge  for  the  escape  of  the  larva),  and 
occupying  rather  more  than  one-half  of  Its  circamference.  The 
length  of  the  ^g  is  about  one-half  greater  than  its  diameter, 
measuring  .034  inch  by  .052  inch.  They  are  arranged  in 
two  to  four  rows  of  three  to  six  eggs  in  each  row. 

The  larva. — The  larvs  are  small,  pale-green,  and  when  more 
advanced  become  orange-colored. 

The  pupa. — The  pupa  resembles  the  perfect  insect  in  marking 
and  coloring,  but  may  be  at  once  di^inguished  by  having  wing 
pads  instead  of  wings,  and  is  not  capable  of  flight. 

The  imago. — Measures  three-eighths  of  an  Inch  in  length  by 
neu-ly  one-fourth  in  width.  It  is  conspiononsly  marked  in  shin- 
ing blue-black,  dull  orange  an4  white,  aa  fbllows :  The  black 
16 
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head  has  two  Bhort  lines  apon  it  of  yeUovieb  vhite ;  the  thorax 
is  orange,  with  a  ring  of  black  on  each  side,  centered  with  a  tri- 
angular orange  spot,  or  with  the  black  diminished  and  the  ring 
either  interrapted  or  broken  into  two  spots.  The  coriaceooB 
portions  of  the  wing-oovers  are  orange,  crossed  obliqnely  by 
two  black  bands,  and  their  tips  are  black.  The  scntel  (the  large 
triangular  piece  covering  the  central  portion  of  the  body)  is 
black,  with  a  pale  yellow  spot  at  each  anterior  angle,  a  black 
terminal  tdp  and  a  central  cross  of  orange.  Beneath,  the  joints 
of  the  abdomen  bear  upon  their  margin  a  row  of  triangular 
white  spots,  and  intermediately  there  are  three  rows  of  parti- 
colored spots  in  orange  and  white. 

No  parasites  are  aa  yet  known  to  prey  apon  this  species,  and 
it  has  been  found  very  difficult  to  destroy  by  any  ordinary  ap- 
plication of  insecticides. 

7. — Aphii  broMioB,  Littn. — The  odbba^  piant-lou»e. 

The  Aphidffi,  or  plant-lice,  become  at  times  the  greatest  tor- 
ments to  the  gardener  and  agriculturist.  There  is  hardly  a  plant 
that  has  not  a  species  or  more  of  this  pest  living  upon  it,  and 
often  great  injury  is  done.  The  plant-lice  belong  to  the  order 
Hemiptera,  or  true  bugs,  and,  like  the  foregoing  species,  are 
provided  with  a  beak,  which  they  thrust  into  the  plant  and  suck 
the  jnices.  The  cabbage  plant-louse  has  been  found  more  or 
less  common  throogh  the  state,  and  is  probably  the  most  wide- 
spread species  of  those  injurious  to  the  cabbage.  They  are 
found  in  clusteis  or  colonies  on  the  upper  side  of  the  inner,  or 
underside  of  the  outer,  leaves,  but  also  sometimes  solitary.  The 
colonies  are  made  up  of  wingless  individoals  of  all  sizes,  and, 
fhrther  on  in  the  season,  also  of  winged  individuals. 

The  young  individoals  are  ^g-shaped  and  of  a  dull,  pale- 
green  color,  and  their  bodies  dusted  over  with  a  pale-grayish 
powder.     Antennie  and  legs  dusky  black. 

The  females,  or  largest  wingless  individaala,  are  also  coated 
with  a  gray,  meal-like  powder  ;  ^g-shaped  and  of  a  dull,  yel- 
lowish-green color ;  eyes  black,  and  also  two  large  spots  on  the 
crown  and  one  on  each  side  of  the  neck  ;  antennie  black,  with 
Qie  third  joint  yellowish.  The  nectaries,  or  honey-tubes,  are 
short  and  black,  as  are  the  legs  ;  base  of  the  thighs  pale-yellow- 
ish ;  body  plamp,  large  and  unwieldy  in  its  aspect,  and  about  a 
tenth  of  ui  inch  in  length. 
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,     WiDged  indiTidnals  are  dQll-greeniBli  in  color,  Tarying  to  pale 
duU-yelloTish,  and  largely  varied  with  black. 


Fortnnately  this  Bpecies  has  a  great  many  enemieB  that  ordi- 
narily keep  it  vithin  bounds,  and  it  is  only  occflsionally  that 
they  do  multiply  la  such  great  numbers  as  to  destroy  or  seriously 
damage  a  crop.  Whenever  a  leaf  is  found  affected  it  should  be 
cut  off  and  destroyed,  so  aa  to  prevent,  as  much  as  possible,  the 
spreading  over  the  vhole  field.  When  very  numerous,  kerosene 
emolsiou  has  been  found  very  effective. 

8. — HaUica  pubescenSf  lUiger. 

9. — Oriocerig  gtriolata,  Fab. 

The  fiea-beetles. 

The  little  flea-beetles,  as  they  are  called  on  account  of  their 
Jumping  to  an  incredible  bight  on  being  disturbed,  are  very 
similar  in  habit  and  appearance  to  each  other.  They  are  found 
destructive,  not  only  to  the  cabbage,  but  to  most  of  our  garden 
v^etables,  by  nibbling  small  holes  into  the  leaves  as  soon  as 
they  come  out  of  the  ground,  aud  continue  to  do  so  durii^  the 
vhole  season.  Often  they  so  injure  a  bed  of  vegetables  as  to 
necessitate  replanting.  They  are  both  very  small,  less  than 
a  tenth  of  an  inch,  and  shining  black ;  the  second  with  a  broad, 
wavy,  buff-colored  stripe  on  each  side,  and  the  feet  reddish-yel- 
low. The  thighs  of  the  hind  pair  of  legs  are  very  much  tliick- 
ened,  like  those  of  the  grasshopper,  giving  them  the  great  leap- 
ing power.  They  have  been  found  very  dif&cult  to  get  rid  of  by 
any  ordinary  application  of  insecticides.  Ashes  sprinkled  over 
the  young  plants  will  drive  them  off,  to  some  extent.  Frogs 
are  known  to  destroy  them  in  great  numbers  when  found  and 
allowed  in  gardens. 

Other  species  will  undonbtedly  have  to  be  added  to  this  list 
iu  the  foture,  as  observations  extend,  bnt  still  we  should  hope 
not,  as  the  cabbage-grower  surely  has  sufficient  with  the  evil  as 
it  at  present  appeaiB. 

Eeepectfnlly, 

O.  W.  Obstlukd. 


.vGoogIc 


THIBTEBHTH  ANNUAL  BEPOBT. 


XVI. 
THE  CRYSTALLINE  ROCKS  OF  THE  NORTHWEST  * 


I  desire  to  call  the  attention  of  Section  B  to  some  of  the  in- 
tereating  problems  that  befiet  the  geologist  vho  andertakes  to 
stndy  the  crystalline  rocks  of  the  Northwest,  and  especially  that 
part  of  the  Northwest  which  is  included  in  the  state  of  Mioue- 
sota.  Until  Tcry  recently  it  has  been  the  practice  of  geologists, 
almost  without  exception,  to  refer  every  crystalline  rock  in  the 
Northwest  either  to  the  Haronian  or  to  the  Lanrentian.  Thns, 
when  the  survey  of  the  state  of  Michigan  was  reinaugurated  in 
1869,  the  geologists  of  the  upper  peninsula  were  compelled  to 
choose  between  a  confession  of  their  inability  to  establish  the 
age  of  the  rocks  they  were  studying  and  the  adoption  of  some 
of  the  recognized  designations.  In  Wisconsin  the  case  was  sim- 
ilar, with  the  additional  fact  that  the  Michigan  geologists  were 
collaborators.  The  same  was  true  ^ain  in  Minnesota.  What 
more  natural  than  that  the  Michigan  and  Wisoonsin  rocks 
should  be  found  to  extend,  with  nearly  the  same  features,  into 
the  state  of  Minnesota,  and  that  their  &miliar  names  should  at 
once  be  applied  to  them! 

Bnt  when  on  more  carefiil  examination,  both  in  the  field  and 
in  the  literature  of  the  crystalline  rocks,  and  over  a  wider  ex- 
teat  of  territory,  and  especially  in  the  light  of  more  recent  re- 
searches in  New  England,  New  York,  Pennsylvania,  and  Canada, 
it  is  found  that  the  nomenclature  is  imperfect,  and  fnrnishes  but 
a  tottering  scaffold  to  support  the  workmen  of  a  great  and  ever- 
spreading  structure,  we  are  thrown  into  such  difficulty  and  doubt 
that  we  are  prone  either  to  reject  the  old  scaffold  and  build 
anew,  or  to  clear  away  the  accamnlated  rubbish  abont  the  fonn- 
datiou  and  examine  on  what  basis  the  old  one  stands.  To-day, 
however,  we  intend  to  do  neither  of  these,  but  rather  set  forth 
a  few  of  the  incongruities  and  difficulties  of  the  actual  situation. 

•AddroaorN.H.  Wlnchell,  Vtce-Pre^dent  of  e«cUanE,it  ths  PhlladelpUi  meeting  (18M) 
AvodiUon  fiw  th<  AdTuiMnmt  of  SdMwe. 
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We  are  indebted,  anqnestionabljr,  to  the  geologists  of  Michi- 
gan and  Wisconsin  for  the  most  exhaofitire  and  satisfactory  de- 
scription of  the  crystalline  rocks  of  the  Archsean  age  that  has 
yet  been  published  in  America.  In  order  that  some  of  the  diffi- 
cnlties  of  the  situation  may  be  made  clear,  I  desire  to  reviev 
concisely  the  broad  stratigraphic  distinctions  of  the  crystalline 
rocks  that  have  lately  been  stodied  in  Michigan,  Wisconsin  and 
Minnesota.  By  the  aid  of  the  pnblished  resalts  of  the  surveys 
of  Brooks,  Wright,  Irving,  Bomioger,  Pampelly,  and  others,  a 
generalized  statement  can  be  formulated.  To  these  I  shall  add 
sach  published  results  and  unpublished  field  observations  irom 
Minnesota  as  may  be  famished  by  the  survey  of  that  state,  in 
order  that  the  scheme  may  cover  correctly  the  crystalline  rocks 
of  the  entire  Northwest. 

Omitting  the  igneous  rocks,  which  in  the  form  of  dykes  cut 
through  the  shales  and  sandstones  of  the  Cupriferous  formation, 
and  are  interbedded  with  them  in  the  form  of  overflows,  we  may 
concisely  arrange  the  crystalline  rocks,  disre$;arding  minor  differ- 
ences and  collating  only  the  broad  stratigraphic  distinctions,  in 
the  following  manner,  in  descending  order :         ^ 

There  are  six  groups : 

First  group. 

Granite  and  gnaas  with  gaibro. — This  gronp  is  represented  in 
Minnesota  by  the  gabbro  and  red  syenite  at  Dnluth,  and  by  the 
extension  of  this  range  of  hills  northeastwardly  nearly  to  the 
international  boundary.  Its  thickness  is  unknown,  but  certainly 
reaches  several  hundred  feet.  The  outcrop  of  red  granite  near 
yew  trim,  lying  under  the  conglomerate  and  red  qnartzyte,  is 
probably  in  the  soutbweetward  line  of  extension  of  this  grovip. 
This  group  is  represented  by  No.  zx  southwest  of  lake  Michi- 
gamme,  by  No.  xx  at  Menominee  and  by  No.  1  and  la  at  Black 
river. 

Second  group. 

Mica  ackitt. — This  gronp  consists  of  schists  that  are  micaceous 
and  often  stanrolitic  as  well  as  gametiferons.  It  can  be  seen  in 
Minnesota  on  the  Mississippi  river  at  Little  Falls,  and  at  Pike 
rapids.  The  schists  are  variously  associated  with  beds  and  veins 
of  granite  and  gneiss.  This  is  No.  XIX  at  Marquette,  XTii  to  xix 
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at  Heaominee,  zx  to  xxu  at  Penokee,  and  has  a  maximam 
tbickDefiB  of  5,000  feet. 

Third  ffroup. 

Garbojiaceout  and  aretiaeewtg  Mack  dates,  and  biadt  mioa-»ehitts, 
— These  sometimes  pass  into  roofing  slates,  with  beds  of  iron  ore, 
qaartzyte  and  dioryte.  This  group  includes  the  black  slates  of 
the  Animikie  group  in  northern  Minnesota,  of  Knife  lake  and 
Knife  portage  on  the  St.  Loais  river,  and  carbonaoeoos  slates 
lately  reported  near  Aitkin  ou  the  Mississippi  river.  It  in* 
eludes  Kos.  xrv  to  xvii  at  Marquette,  Nob.  ti  to  xtii  at  Peno- 
kee, and  Nos.  XT  and  XTi  at  Menominee.    Thickness  2,600  f«et. 

Fourth  group, 

Sydro-mica  and  magneman  aehiMa, — Soft  and  obscure,  becoming 
quartzose  and  also  htematitic,  also  with  numerous  beds  of  dioryte. 
In  Minnesota  this  is  the  iron-bearing  horizon  at  Vermilion  lake. 
It  is  Nos.  VI  to^xiv  at  Marquette,  Nos.  iv  to  vi  at  Penokee,  and 
Nob.  ti  to  XI  at  Menominee.     Maximum  thickness  4,460  fe^. 

Fifth  ffroup. 

TbiA  iB  tihe  gnmp  of  gray  quartei/te  and  marNe.  It  is  represent- 
ed by  No.  V  at  Marquette,  Nos.  ii  to  v  at  Menominee  and  Nos. 
I  to  in  at  Penokee.  In  Minnesota  this  horizon  seems  to  ran  along 
the  south  side  of  Ogishke  Mnnoie  lake,  near  the  international 
boundary  and  includes  perhaps  the  great  slate-conglomerate 
which  is  there  represented.  Normal  thiokaess  from  400  to  1,000 
feet;  but  if  thejgreat  conglomerate  of  C^ishke  Muncie  be  in- 
cluded here,  the  thickness  of  this  group  in  northern  Minnesota 
will  exceed  6,000  feet. 

Sixth  ffroup. 

Qranite  and  syenite  with  homblendic  schists. — This  lowest  recog- 
nized horizon  has  frequently  been  styled  Laurentiau.  In  Minne- 
sota it  is  found  on  the  international  boundary  at  Saganaga  lake, 
and  large  boulders  fVom  it  are  included  in  the  overlying  con- 
glomerate at  Ogishke  Muncie  lake,  showing  an  important  break 
in  the  stratigraphy.    Thickness  onknown  bat  very  great. 
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These  six  great  groups  compose,  bo  far  as  can  be  stated  nov, 
the  crystalline  rocks  of  the  Northwest.  Their  geographic  rela- 
tions to  the  nOD-crystalliDe  rocke,  if  not  their  stratigraphio,  hare 
been  so  well  ascertained,  that  it  can  be  stated  confidently  that 
they  are  all  older  than  the  Cupriferous  series  of  lake  Baperior, 
and  hence  do  not  consist  of  nor  inclade  metamorphosed  sediments 
of  Silurian  or  any  later  age. ' 

This  statement  of  the  grand  gronping  of  the  crystalline  terra- 
nes  of  the  Korthwest  may  be  varied  by  the  addition  of  detailed 
and  minor  distinctions  and  by  sabdivisions,  but  its  correctness 
rests  upon  careful  obserrations  and  reports  of  competent  geolo- 
gists, and  cannot  at  present  be  gainsaid. 

Eixamining  these  groups  more  closely  we  find: 

I.  We  have  beneath  the  red  tilted  shales  and  sandstones,  a  great ' 
granite  and  gabbro  group.  This  has  been  variously  regarded 
by  different  geologists.  While  by  many  early  observers  It 
was  classed  as  older  than  the  series  which  has  latterly  been 
designated  Huronian,  and  by  others  styled  igneous  and  local,  it 
has  by  Brooks  been  placed  with  that  series  and  denominated 
"  the  youngest "  of  the  Huronian  strata,  though  no  such  rocks 
had  ever  before  been  mentioned  as  pertaining  to  the  Huronian. 
By  Irving  it  has  been  made  the  base  of  his  Keweuawan.  By 
Hant  it  has  been  parallelized  with  the  Montalban.  It  includes, 
in  my  opinion,  the  felsytes  and  porphyriee  which  have  been 
styled  Arvonian,  and  it  is  very  certain  that  in  many  places  it  has 
passed  for  typical  Laurentian.  The  gabbro  is  very  generally 
admitted  to  be  of  eruptive  origin,  and  in  its  great  development 
in  Canada  it  was  once  styled  Upper  lianrentian,  and  later  was 
known  as  Norian,  While  the  gabbro  is  certainly  eruptive,  the 
associated  granite  and  gneiss  exhibit  evidences  of  being  meta- 
morphic  in  their  nature.  In  northern  Minnesota  this  horizon 
of  granite  is  characterized  by  a  red  color  and  it  has  an  aggregate 
chemical  composition  almost  identical  with  that  of  some  of  the 
associated  felsytes.  The  magnetite  of  the  gabbro  is  often  highly 
titaniferous  and  so  abundant  that  the  rock  has  attracted  atten- 
tion as  anr  iron  ore.  The  gabbro  does  not  always  appear  where 
the  granite  is  present,  but  extensive  areas  of  granite 
are  spread  oat  without  any  sign  of  variation,  interrup- 
tion or  alternation  with  the  gabbro.  In  other  places  these 
two  rocks  are  intricately  and  intimately  mingled  both  horizon- 
tally and  perpendicnlarly;  but  the  gabbro  may  be  considered  in 

1  ThatoBi  BUDiiui ban ti  undntood  to«OT«ri»thiD|baLow  th* but ol Cb« Trenton. 
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general  as  the  anderlying  formatioiL  Botb  these  rooks  seem  to 
have  been  molten,  and  simaltaneooBly  bo,  in  aome  places ;  but 
in  the  great  mass  of  the  red,  granitic  rock,  there  is  a  gneissio 
stmcture,  and  in  its  finely  crystalline  state,  Then  it  seems  to 
vary  to  felsyte,  it  exhibits  a  laminated  structure  vhich  is  evi- 
dently due  originally  to  sedimentation.  Along  these  lamina- 
tions, and  coincident  with  them,  ie  a  finely  lined  striation  vhich 
exhibits  the  "streamed"  stractnre,  sometimes  appealed  to,  to 
shov  the  igneons  nature  and  origin  of  the  rock.  These  felsytes 
are  oGcaeionally  arenaceons,  with  irregalarly  ronnded  or  snb- 
angalar  qaartz  grains,  and  sometimes  are  porphyritic  with  quartz 
and  orthoclase.  Veins  of  red  granite  intersect  the  gabbro,  and 
the  gabbro  surroands  isolated  masses  of  the  granite.  Trans- 
ported, boulder-like  masses  of  both  are  fonnd  embraced  in  a 
common  paste  among  the  later  igneous  outflows  of  the  Gnprifer- 
ouB,  where  their  existence  is  as  great  a  puzzle  as  that  of  pebbles 
of  red  felsyte  and  qaartz-porphyry  in  the  red  conglomerates. 
This  red  granite,  so  far  as  I  have  observed,  generally  oonsiEde 
largely  of  orthoclase,  and  in  several  iustanoas  passes  impercept- 
ibly into  rod  felsyte.  It  containB  also  qnartz  and  hornblende, 
the  latter  generally  changed  by  decay.  The  gabbro,  when  un- 
affected by  proximity  to  the  red  rock,  consists  of  the  three  es- 
sential ingredients :  labradorite,  diallage  and  magnetite,  with 
some  necessary  products  of  alteration,  bat  in  the  vicinity  of 
contact  with  the  red  rock  it  also  holds  orthoclase  and  quartz. 

II.  Below  this  granite  and  gabbro  group  is  a  series  of  strata 
thai,  may  be  designated  by  the  general  term  miea  achitt  groH,p. 
This  is  the  principal,  but  not  the  only,  horizon  in  which  mica 
schiBt  exists.  This  division  is  penetrated  by  veins  and  masses 
of  red  biotite-granite,  wbicJi  appear  to  be  intrusive  in  somewhat 
the  same  manner  as  the  red  granite  in  the  gabbro  overlying. 
However,  whether  this  granite  is  exotic,  or  can  be  referred  to 
aqueo-igueous  fusion  and  transmisBion  of  the  Bedimentaries  in  a 
plastic  state  through  fissures  in  the  a^acent  formations,  is  a 
question  which  still  is  a  matter  of  earnest  investigation.  The 
existence  of  the  great  associated  igneous  gabbro  is  suggestive, 
if  not  demonstrative,  of  the  presence  of  an  adequate  agent  for 
such  a  metamorphism-:- unless  it  be  claimed,  indeed,  that  such 
an  extravasation  of  molten  rook  could  take  place  without  any 
marked  and  traceable  effect  on  the  contignous  formations.  These 
granite  veins  penetrate  only  through  the  overlying  gabbro  and 
this  underlying  mica  schist.     They  are  wanting  or  comparatively 
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rare  throaghont  the  rest  of  the  crystalline  roeks.  On  the  other 
hand  there  Ib  an  ahnndance  of  diabase  and  other  dolerltic  rock, 
in  the  form  of  dykes,  throoghont  all  the  orystalliae  strata.  Thie 
points  to  the  mere  local  nature  of  the  origination  of  these  gran- 
itic veins,  and  hence  to  the  metamorphic  nature  of  the  granitic 
mass  with  vhich  they  are  connected.  It  has  been  shoirn  by 
Dana  that  granite  suffers  a  change  to  mica  schist,  in  irestem 
Massachusetts ;  Brooks,  as  well  as  Emmons,  has  shown  it  inter- 
stratified  with  limestone  in  St.  Lawrence  county,  ISev  York. 
They  both  also  state  that  the  Potsdam  sandstone  becomes  gneis- 
sic.  The  same  has  been  afBrmed  in  Vermont  by  Dr.  Hitchcock, 
and  by  Dr.  Frazer  in  PennsylTania.  Hence,  there  is  no  impro- 
priety in  supposing  that  some  great  change  has  passed  over  the 
sedimentary  strata  of  this  horizon  thronghout  a  vide  extent  of 
country  reaching  ttom  the  Atlantic  to  lake  Superior,  and  that 
in  the  emeigences  of  upheaval  and  dislocation  the  sediments  of 
one  formation  were  enabled  to  penetrate  transversely  into  the 
strata  of  another. 

This  mica  schist  formation  has  an  aggr^ate  thioknefiS  of  about 
5,000  feet,  and  sometimes  is  hornblendic  rather  than  micaceous. 

in.  Hie  next  lower  grand  division,  which  is  the  third,  might 
be  styled  the  black  mica  alate  group.  This  group  contains  much 
carbon,  causing  it  to  take  the  form  of  graphitic  Bchista,  in  which 
the  carbon  Mometimes  amounts  to  over  forty  per  cent.*  These 
schists  are  frequently  quartzose,  and  also  fermginons,  even  com- 
posing valuable  ore  deposits,  as  at  the  Commonwealth  mine  in 
Wisconsin.  Associated  with  these  black  mica  slates,  which  often 
appear  also  as  dark  clay  slates,  are  actinolitic  schists,  the  whole 
being,  in  some  places,  inteTstratified  with  dioryte.  Their  esti- 
mated thickness  is  2,600  feet. 

IV.  Underneath  this  is  a  very  thick  series  of  obscure,  hydro- 
micaceous  and  greenish  magnesian  tchifits,  in  which,  along  with  beds 
of  gray  qoartzyte,  and  clay  slates,  occur  the  most  important  de- 
posits of  hsematitic  iron  ore.  The  lower  portion  of  this  series, 
which  at  Marquette  is  represented  rather  by  hornblende  and 
chloritic  quartz  schists,  and  more  rarely  is  mined  as  a  magnetic 
quartz  schist,  at  Penokee  is  known  as  "the  Du^etic  belt." 
This  division  of  the  crystalline  rocks  has  numerous  heavy  beds 
of  dioryte.   - 

V.  Below  this  series  of  soft  schists,  which  terminate  downward 
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Tith  the  magnetic  iron  ores,  is  the  great  quartzyte  and  marble 
group.  The  marble  lies  above  the  qaartzyte,  and  in  the  Menom- 
inee r^oDbasa  minimiimthickaess  of  at  least  one  thousand  feet; 
vbile  at  Marquette  it  graduates  into  a  dolomitic  quartzyte  of  in- 
definite extent,  the  whole  group  there  being  essentiallya  qnartz- 
yte.  This  is  a  most  persistent  and  veil-marked  horizon.  The 
qnartzyte  sometimes  holds  feldspar;  thus  having  an  appearance 
of  grannlite.  In  northeru  Minnesota,  the  great  slate-oouglomerate 
of  Ogishke  Moncie  lake  seems  to  represent  the  lower  portion  of 
the  great  qnartzyte  of  this  group,  and  to  be  the  equivalent  of  the 
lower  slate-oouglomerate  of  the  "  typical  Huronian,'*  in  Canada. 
In  both  places  this  conglomerate  is  sometimes  speckled  with 
masses  of  red  jasper.  The  marble  of  this  groap  appears  adjacent 
to  the  conglomerate  sonth  of  Ogishke  Mancie  lake,  and  in  such 
a  position  as  to  overlie  it,  exposing  a  thickness  of  at  least  twenty- 
two  feet. 

Now,  the  difflcalties  of  the  situation  arise  when  we  cast  aboat 
to  find  names  for  these  parte.  What  are  the  eastern  representa- 
tives of  these  western  groups,  and  by  what  designations  shall 
they  be  known! 

Since  the  geological  survey  of  New  York,  and  the  pnblication 
of  its  final  report,  the  progress  of  geological  science  in  Europe 
and  America  has  rendered  it  necessary  to  revise  some  of  the  dog- 
mas which  were  regarded  as  fundamental  by  the  New  York  geol- 
ogists, and  to  reject  entirely  some  others.  Among  these  may  be 
mentionedthethencurrenttheorythatthetei|m  "primary"  should 
be  applied  to  any  massively  crystalline  rock,  and  that  all  such 
rocks  belong  to  the  bottom  of  the  chronological  scale  of  geology. 
If  the  apparent  structural  relations  of  the  formations,  as  seen 
in  the  field,  did  not  agree  with  this  theory,  some  violent 
movement  in  the  earth's  crust  was  at  once  conjectured  so  as 
to  bring  nature  into  accordance  with  the  true  theory.  Latterly, 
however,  it  has  been  shown  abundantly  by  Dana  and  others,  that 
the  Trenton,  Hudson  river  and  other  Silurian  rocks  are  converted 
into  crystalline  schists;  by  Whitney  that  the  Tertiary  rocks  be- 
come crystalline;  by  Brooks  and  Frazer  that  the  Potsdam  sand- 
stone becomes  gneissic;  by  Reusch  that  the  clay  slates,  interbedded 
with  the  granites  and  gneisses  of  the  Bergen  peninsula  of  Nor- 
way, *  contain  characteristic  Upper  Silurian  fossils,  and  by  Hitch- 
cock that  the  Helderberg  rocks  of  New  York  are  involved  inthe 
crystalline  terranes  of  New  Hampshire. 

(LmI^,  Bepoit  C 
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These  more  recent  cryHtaUiDe  seriee,  however,  may  all  be  cod- 
sidered  as  excluded  from  the  scope  of  search  for  any  parallels  to 
the  crystalline  groups  of  the  Northwest.  Onr  inquiry  will  in- 
volve only  the  well-known  names  Laarentian,  Huronian,  Taconic, 
Montelban,  Arvonian,  Noriso. 

We  meet  at  the  outset  with  the  question  which  has  now  become 
as  historic  in  American  geology  as  the  Cambro-Bilurian  contro- 
versy in  England,  and  which  conceros  very  nearly  the  same  geo- 
logical horizon,  viz. :  Is  there  a  formation  such  as  claimed  by  Em- 
mons —  the  TaconicT  On  this  geologists  are  yet  divided.  We 
conceive,  however,  that  the  division  is  caused,  sot  so  much  by 
doubt  as  to  the  exietenceof  asedimentary  foasiliferons  formation 
below  the  New  Tort  system,  and  separating  it  from  the '  'primary, ' ' 
as  by  doubt  as  to  which  and  bow  many  of  these  sub-Silarian  strata 
are  to  be  included  in  the  designation  of  Taconic.  Having  now. 
however,  given  thesubjeet  very  careful  consideration,  I  am  ready 
to  state  my  very  positive  conviction  that  Dr.  Emmons  was  es- 
eentially  right,  and  that  the  Taconic  group  will  have  to  be  rec<^- 
nized  by  geologists  and  adopted  in  the  literature  of  American 
geology. 

Dr.  Emmons,  in  1842,  issnedthe  first  that  appeared  of  the  vol- 
umes of  the  final  report  of  thoNew  York  survey.  In  that  ^'Olume 
he  formally  sets  forth  the  Taconic  system,  although,  as  he  admits, 
in  an  imperfect  manner,  the  area  in  which  the  rocks  exist  not  be- 
ing in  his  (.the  second)  district.  In  this  first  presentation  of  the 
system  he  extended  it  geographically  too  far  east,  and  unfortu- 
nately chose  a  name  for  it  which  is  appropriate  only  to  a  part  of 
that  eastward  ext«nsiou.  We  are  indebted  to  the  researches  of 
several  volunteer  geologists.  Wing,  Dana,  Dale,  Dwight.  for  the 
disentanglement  of  the  overlying  Hudson  river  rooks  from  the 
true  Taconic  rocks,  and  the  demonstration  of  the  incorrectness  of 
Dr.  Emmons'  eastward  extension  of  his  system  in  southern  Ver- 
mont. Dr.  Emmons'  claim,  however,  in  all  its  essential  points, 
remains  intact.  This  consists  in  the  existenceof  a  series  of  sedi- 
mentary deposits,  largely  metamorphic,  below  the  Potsdam  sand- 
stone, and  separating  the  Postdam  from  the  crystalline  rocks 
known  as  "  primary,"  in  an  orderiy  chronological  scheme. 

In  his  report  on  the  agriculture  of  New  York,  issued  four 
years  after  that  on  the  geology  of  the  second  district,  he  makes 
more  definite  and  convincing  statements,  going  over  the  whole 
subject  de  novo.  He  gives  diagrams  showing  the  Taconic  slates 
lying  below  the  Calciferons  sandrock  unconformably,  at  Whlte- 
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hall  in  WaahiDgtos  county,  a  region  that  had  been  colored  b£ 
Mather  and  Hall  oa  their  Keologicsl  mape  as  Hudson  Biver,  and 
lying  in  the  general  area  described  by  Emmons  as  Taconic.  He 
gives  one  also  from  the  hiUs  of  Oreenbosh,  opposite  Albany,  not 
far  from  the  locality  in  which  Mr.  Ford  has  since  disoovered 
primordial  fossils,  -where  he  also  shows  theCalciferoos  lying  an- 
conformably  apon  the  Taconic,  the  former  being  foasiliferons. 
He  also  describes  the  Hudson  Biver  slates  as  lying  nnoonform- 
ably  on  the  Taconic,  a  iact  which  cannot  be  called  in  qnestion 
Binoe  the  recent  disooveiieB  of  Wing,  Dale  and  I>wight>  and 
the  stratigraphic  investigations  of  Dana.  In  &ct,  the  investi- 
gations of  these  geologists,  instead  of  destroying  the  Taconic 
system,  are  only  confirmatory  of  the  pablished  statements  of  Dr. 
Emmons  in  1646. 

Althoagh  the  existence  of  the  Taconic  in  Maine  and  Bhode 
Island,  as  claimed  by  Dr.  Emmons,  may  not  be  maintained  by 
Airther  research,  it  is  certain  that  he  had  the  approval  of  Dr. 
Donglas  Houghton  in  extending  it  into  the  state  of  Michigan. 
In  later  years,  he  also  traced  these  rocks  through  Pennsylvania 
and  Virginia  into  Xorth  Carolina.  In  Michigan  his  identifica- 
tions have  since  been  set  aside  and  the  same  rocks  have  been  de- 
nominated Huronian  by  Brooks,  Wright,  Irving  and  others.  In 
Korth  Carolina  Mr.  Kerr  has,  in  the  same  way,  substitnted  the 
name  Huronian.  The  oonclnslve  fact  that  these  slates  had  been 
seen  by  Dr.  Houghton,  in  many  localities,  to  pass  beneath  the 
Potsdam  sandstone,  was  considered  ample  to  supply  the  only 
important  point  of  evidence  lacking  in  the  Hudson  valley.  Dr. 
Emmons  closes  his  dlacussiou  by  stating  his  theme  thus,  refer- 
ring to  the  foots  obtained  from  Dr.  Houghton :  "  It  would  be  diffi- 
cult to  add  to  the  weight  of  this  testimony  in  r^ard  to  the  sepa- 
rate and  independent  existence  of  a  system  of  fossiliferons  rocks, 
of  an  age  anterior  to  the  Silurian  or  New  York  system." 

It  is  not  necessary  to  refer  to  the  controversies  that  arose 
from  the  creation  of  the  imaginary  Quebec  group,  nor  to  char- 
acterize in  deserved  terms  the  attempt  to  bury  the  Taconic  in 
the  Quebec  coffin.  It  is  not  necessary  to  quote  the  support 
which  Emmons  had  from  Barrande,  nor  to  recount  the  discover 
ies  of  Mr,  Ford,  nor  the  observations  of  Brooks  in  St.  Lawrence 
county,  N.  Y.,  and  Bogers  in  Pennsylvania,  though  these  last 
both  affirm  that  beneath  the  Potsdam  sandstone  are  extensive 
beds  of  semi -cryst!ii line  strata.  * 

t  Addreigoril.  D:  Rogera.  1U4,  bvfaralbiAuoc.Amer.  Ural.  Bud  NH. 
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There  may  be  reasona  why  the  cnrreDt  literatare  of  American 
geology  is  inmost  Bileot  respectjag  the  great  work  of  Emmoua, 
and  why  the  Taconic  is  not  known  among  the  reeogmz«d  geolog- 
ical formations;  bat  we  have  nothing  to  do  with  these  at  this 
time.  We  hare  to  say  now  only  that  it  seems  necessary  to  ad- 
-  mit  that  when  Dr.  Emmons  insisted  on  a  great  groap  of  strata 
belonging  to  the  age  of  the  Lower  Cambrian,  lying  below  the 
Potedam  sandrock  in  Kew  Tork,  he  had  some  foondf^ion  more 
substantial  than  imagination  or  mere  hypotheeis.  He  may  have 
chosen  an  unfortanate  designation,  he  may  have  bat  imperfectly 
nndetstood  the  extent  fmd  importance  of  his  discovery,  and  he 
may  have  incorrectly  described  its  range  and  scope,  but  none  of 
these  tknlts,  nor  all  of  them,  should  deprive  him  of  the  credit  of 
having  made  the  discovery.  He  did  more,  he  defended  It  to  the 
last  day  of  his  life,  and  averred  that  "the Taconic  system  stands 
oat  as  boldly  as  the  (^rboniferous."^  The  argament  against 
the  Taconic  system,  which  appeals  to  imperfect  or  incorrect 
definition  by  its  author,  will  apply  with  equal  force  against  the 
Silurian  system  and  also  against  the  Cambrian;  also  against  the 
Huronian  and  Laareutian,  and  perhaps  with  still  greater  force 
against  the  Hudson  River,  since  none  of  these  were  correctly 
and  properly  defined  at  first  by  their  authors. 

If  the  equities  of  geological  nomenclature,  in  the  light  of  the 
results  of  later  researches,  demand  of  geologists  of  this  genera- 
tion a  fair  consideration  of  the  claims  of  Dr.  Emmons,  that  con- 
sideration must  be  granted.  Xo  amount  of  error,  though  heaped 
to  the  sky  and  sapported  by  the  highest  authority,  can  long  sab- 
sist.  The  tmth,  though  tardy  in  asserting  itself,  will  finally 
throw  oflf  the  hardens  under  which  it  has  labored,  and  will  shine 
the  brighter  for  the  darkness  which  preceded  it. 

If  we  examine  the  descriptions,  given  by  Dr.  Emmons,  of  his 
Taconic  system,  we  shall  find  that  he  makes  the  following  broad 
strat^raphic  distinctions: 

L  His  highest  member  is  what  he  designates  Hack  glate,  which 
he  declares,  in  some  cases,  plunges  apparently  beneath  the  "an- 
cient gneisses"  and  contains  a  considerable  amount  of  carbon- 
aceous matter.  In  this  slate,  at  Bald  mountain,  were  found  two 
genera  of  primordial  trilobites  that  were  described  by  Dr.  Em- 
mons, the  much  buffeted  Atops  trUineatuB'  and  EUiptocephaUi  aaa- 
phoidet. 
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IL  Under  tlie  black  Blate  his  next  grand  distinction  was  the 
so-called  Taeonie  date,  whioh  he  described  as  argillaoeons,  sili- 
oeoos  and  "  taloose,"  the  npper  part  being  snitable  for  roofing 
and  other  portions  adapted  for  flagging.  It  is  greenish,  grayish 
and  sometimes  of  a  diocolate  color.  Its  grain  is  very  fine,  bat 
in  some  places  it  is  areuaceoos  rather  than  argillaceous.  Thick- 
ness abont  2,000  feet. 

III.  BeloT  this  great  mass  of  soft  schists,  he  described,  in 
the  first  place,  a  mass  of  500  feet  of  limefltone,  designated  "  Stock- 
bridge  limestone,"  which  gradnatee  dowmrard  into  ''talcose" 
or  m&gnesian  sandstones  and  slates,  the  whole  having  a  thick- 
ness of  abont  1,700  feet. 

lY.  Under  this  limestone  is  his  "grannlar  qnartz-rock,'^ 
more  or  lees  interstratified  with  slates,  and  becoming,  in  some 
places,  an  immense  conglomerate  with  a  "chloritic  paste."  In 
this  conglomerate  are  f^tigments  of  the  anderlying  gneiss,  or 

V.  A  formation  which  constitnted,  in  his  scheme,  the  "an- 
cient  gneiss"  on  which  the  Tacooic  system  was  said  to  lie  nn- 
conformably. 

Now  it  requires  bnt  a  glance  to  perceive  how  closely  this  or- 
der coincides  with  that  which  has  been  independently  and  labori- 
onsly  worked  ont  in  the  Northwest.    We  have  in  both  instances 
a  "black  slate"  which  in  one  case  Is  said  to  be  at  the  top  of  the 
system,  bnt  to  pass  apparently  beneath  the  "ancient  gneisses," 
and  in  the  other  is  reported  t«  be  overlain  by  a  groap  of  mica 
schist  and  the  "youngest  Hnronian,"  a  mass  of  gneiss  and  gab- 
bro.    Below  the  black  slate  in  both  cases  is  an  immense  series  of 
soft,  hydro-mica  and  magnesian  schists.    These  again  are  fol- 
lowed by  limestone  which  in  the  Northwest  often  forms  marble, 
and  in  New  England  sustains  extensive  marble  qaarries.    This 
has  various  transitions  to  date  and  to  a  hard  sandrock,  bnt  in 
both  places  it  becomes  known,  in  its  lower  portions,  as  a  great 
bed  of  qnartzyte ;  and  finally  at  the  base  is  coarsely  conglomer- 
iti«  -oHth  TnoBo^of  rock  from  the  great  underlying  series  of 
there  no  other  precedent  this  very  parallelism 
at  once  as  demonstrative,  or  at  least  indicative^ 
»f  age.     The  "Stockbridge  limestone,"  however, 
,  seems  to  be  of  the  Trenton  age,  according  to 
;  and  where  it  appears  in  the  Taconic  mountains, 
id  west,  it  is  aesnmed  by  him  to  be  of  the  same 
t  no  one  can  affirm  safely  that  the  Ta«onic  range 
made  np  of  the  Trenton  and  Hudson  Biver  for- 
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mations  till  the  cracial  test  has  been  applied  to  them  aacoess- 
fally  la  the  discovery  of  the  characteriBtio  fowils,  and  assuredly 
not,  in  the  atwenoee  of  this  test,  in  the  fEtce  of  the  foregoing  par- 
allelism with  a  limestone  known  to  lie  mnch  lower ;  and  in  the 
face  of  the  discovery  of  primordial  fossils  in  Bald  mountain 
some  miles  farther  nojlh  in  Washington  county,  Kew  York.  It 
is  to  be  remembered  also  that  the  schists  of  Mt.  Washington  are 
distinctly  different  from  thone  of  sonthern  Vermont  contaiDlni; 
the  Trenton  fossils  foand  by  Mr.  Wing,  "a  change"  taking 
place  in  them  not  far  sonth  from  the  point  at  which  the  fossils 
were  fonnd,  continuing  thence  to  the  southern  extremity  of  Mt. 
Washington. ' 

Now,  however,  we  are  conf^nted  with  another  difficulty.  The 
geologists  of  Michigan  and  Wisconsin  have  set  aside  Dr.  Em- 
mons' identificatioD  of  the  Menominee  rocks  with  the  Taconic 
in  1846,  and  have  called  them  Hnronian,  the  same  that  has  been 
done  in  North  Carolina  by  Mr.  Kerr,  paralleliaing  them  with 
the  Canadian  system,  which  in  1855  wafi  so  named  by  Dr.  T. 
Sterry  Hunt.* 

It  becomes  necessary,  therefore,  to  ascertain  of  what  the  Hn- 
ronian consists.  Dr.  Hunt  sets  out  with  the  statement  that  it 
was  designed  to  in<dnde  the  younger  and  unconformt^le  series  of 
metamorphic  rocks  fonnd  on  the  ^ore  of  lake  Huron  and  in  the 
valley  of  the  Thessalon  river,  "and  also  tlie  so-c^led  volcanic 
formations  of  lake  Superior,"  Thus  the  avowed  intent  was  the 
same  as  that  of  Dr.  Emmons  in  erecting  the  Taconic  system.  If 
we  seek  for  the  actual  stratigraphic  and  mineralogical  charac- 
ters of  these  rocks,  we  shall  find  them  In  the  geological  reports 
of  the  Canadian  survey,  particnlarly  that  of  18*3. 

In  descending  order  the  original  Hnronian  consists  of  the  fol- 
lowing strata,  disregfu^ng  the  diorytes  and  other  ' '  greenstones," 
all  of  whidt  are  thought  by  Logan  to  be  of  igneous  origin,  though 
included  in  the  thicknesses  given. 

White  qomrtzyte. 400  feet. 

lAiueUoat aOO  " 

White  qocrtzjte 1500  " 

Lime«toiie,  aUioeooB  aad  cberty 400  " 

White  qiutrtxjte SOTO   " 

Bed  jasper  ciDglomeiate 21S0  " 

Bed  qTuut(7te  or  couglomerBte 2300   " 

1  Dui,  Anur.  Jtw.  Sti.  (3)  XVII,  STfl. 
i£qul<HI«i>leglqu<daCumdmi  Arcla  rwkt,  Rtp.E;  p.Td. 
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Slate  oanglotnante 3000  " 

Limwtoiie 300  " 

Slate  oonglomento '. 1380  " 

White  qwirtzyte „ 1000  " 

ChloritJc  ftod  epllodc  alatea 3000  " 

Gray  qiuutzyte 500  " 

Total 18000  " 

Of  this  Beriee  of  18,000  feet,  900  feet  oonsist  of  limestone;  2,000 
feet  consistof  "chloritlc  and  epidotio  slates,"  and  15,100  feet  con- 
sist of  quartzyte  and  conglomerate.  Perhaps  5,000  feet  of  this 
last  thickness  may  be  considered  intmsive,  consisting  of  dioryte 
and  other  forms  of  "  greenstone."  This  will  leave  10,000  feet,  at 
least,  for  the  aggregate  thickness  of  qnartzyte  and  conglomerate, 
being  nearly  doable  that  observed  in  the  same  horizon  in  northern 
Minnesota. 

It  is  plain  to  see  that  if  there  be  any  parallelism  between  these 
beds  and  the  various  gronpsmadeont  in  theNorthwest,  the  whole 
of  these  strata  most  be  made  the  equivalent  of  group  v,  or  the 
guartxyte  and  marUe  group.  The  2,000  feet  of  chloritic  and  epi- 
dotic  slates,  represented  as  near  the  base  of  the  original  Huro- 
nian,  followed  asthey  are  by  an  immense  thickness  of  conglomerate 
and  8lat«  conglomerate,  are  anomalous  unless  there  be  below 
them  other  slate  conglomerates.  This,  indeed,  isvery  probable, 
since,  on  the  shore  of  lake  Superior,  near  the  mouth  of  the  river 
DoF^,  according  to  the  same  authority,  the  lowest  part  of  the 
Hnronian  is  seen  to  consist  of  a  green  elaty  conglomerate,  con- 
taining "boulders"  of  granite  and  gneiss. 

The  extension  of  the  term  Haroolan  from  the  horizon  of  the 
original  Haronian,  upward  through  the  overiyinggroups,  maybe 
justified  by  the  expression  of  the  original  intent  In  the  applica- 
tion of  the  term,  bnt  it  certainly  does  not  seem  warranted  by  any 
description  of  rocks  by  the  Canadian  geologists,  nor  by  any 
claim  that  usually  has  been  put  forth  by  the  authors  of  the 
name. 

There  is,  therefore,  a  conflict  between  the  Taconic  and  the 
Hnronian,  both  in  respect  to  the  horizon  which  they  are  in- 
tended to  cover  (both  being  referred  by  their  authors  to  the 
Lower  Cambrian)  and  in  the  horizon  of  rocks  which  they  actually 
compasa  The  Haronian,  however,  in  its  original  and  typical 
description,  can  be  i>arallelized  with  only  the  very  lowest  of  the 
strata  that  were  inoluded  in  the  typical  and  original  Taconic; 
while  the  Taconic  stretches  upward  at  least  as  f^  as  to  include 
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the  fonrth  aad  third  grand  gronps  made  oat  in  the  Northwest, 
that  is  to  say,  the  hydro-mica  and  moffnetian  Bchista,  aod  the  car- 
bonaceout  and  arenaceous  black  slates. 

This  leaves  two  series  of  rocks  antonched  by  the  scope  of 
«ither  the  HnroniaD  or  the  Ta«onic,  as  these  systems  were  at  first 
defined,  namely:  the  mica  ackwt  group  and  the  granite  and  gaeim 
ttith  gabbro  grottp.  In  the  term  MotUalban  proposed  for  these 
groups  by  Dr.  Hant,  the  tvo  are  united  and  the  constant  dis- 
tinctne6S  which  they  seem  to  maintain  is  not  recog^nized.  The 
jranite  and  gabbro  group  has  affinities  with  the  overlying  Cuprif- 
eroua  rocka,  and  perhaps,  as  Irving  has  sa^ested,  should  be 
considered  the  base  of  that  series  which  Brooks  has  named  "  Ke- 
venawian,"  whereas  the  mica  schist  gronp  has  affinities  with 
the  underlying  groups,  and  has,  withoat  exception,  been  assigned 
to thesamesystemandageasthosennderlying  groups.  The  granite 
andgabbro  group  has  likewise  been  designated  differently.  The 
^bbro,  being  an  igneons  rock,  varies  much  in  its  prevalence  and  in 
its  apparent  relation  to  the  granite.  Its  greatestdevelopment  pro- 
duces in  Minnesota  a  range  of  low  hills  which  extend  northeast- 
ward from  Duluth.  Under  similar  circumstances,  this  gronp 
has  received  the  name  Sorian,  though  at  first  called  LfAraSorian, 
and  thought  to  be  a  part  of  the  Laurentian.*  The  granite  and 
gneiss,  also,  associated  with  the  gabbro,  have  received,  under  one 
of  their  modified  conditions,  the  special  designation  Arvonian, 
on  the  supposition  that  these  rocks  where  they  so  appear,  are  not 
modified  conditions  of  granite  and  gneiss,  but  represent  inde- 
pendent strata  that  lie  near  the  bottom  of  the  "Huroniau," 
eqoal  in  rank  to  any  of  the  other  groups.  I  think  I  have  shown 
elsewhere' "  that  the  Arvonian  rocks  of  lake  Superior  are  inter- 
stratified  with  the  Cupriferous,  and  also  that  they  are  modified 
sediments  of  the  Caprlfcrous.  Instead  of  being  near  the  bottom 
of  the  "Horonian"  in  the  Northwest,  they  overlie  all  the  other 
groups  that  have  been  assigned  to  the  Huroniau  by  Irving, 
and  constitnte  a  part  of  the  great  series  of  "younger  gneisses" 
which  by  Brooks  has  been  ranked  as  the  "youngest  Huronian." 

The  interesting  variety  of  nomenclature,  as  brought  out  by  the 
foregoing  remarks,  can  be  seen  by  a  glance  at  the  accompanying 
tabular  arrangement,  where  the  various  parallelisms  and  the  con- 
flicting nomenclatare  are  placed  in  adjoining  colamns. 

It  is  evident  from  this  table  that  at  present  it  is  a  hazardous, 

>  It  VM  duorlbal  bf  Emmoni  undar  tha  tarm  "  HrparithsDi  mok." 
»  A.  A.  A.  8.  ClDclnDBtl  mactlac  Ulnna«>u  Samj  Bap.  far  1S80,  p.  36;  IMd,  IB81,  p.  tlO. 
18 
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and  perhaps  an  impoesible,  nndertakiDg  to  asaigii  tlie  groups  of 
the  cryst^ine  rocks  of  the  Notthvest  to  any  of  the  terranes  that 
have  been  named  ftirtber  east,  -without  violating  somebody's  sys- 
tem  of  nomeaclatore.  Some  of  the  ground  has  beeu  covered 
several  times  by  different  names,  but  on  different  hypotheses  of 
structure,  origin  and  parallelism.  Bespecting  the  horizon  known 
as  "Laurentiau,"  there  is  an  approach  to  unanimity  and  agree- 
ment. This,  however,  consists  more  in  a  tacit  consent  to  style 
the  lowest  known  rocks  Laarentian,  than  iu  any  agreement 
among  geologists  as  to  the  nature  and  composition  of  the  strata. 
The  Tacouic  of  Emmons,  which  has  been  buffeted  and  combated 
from  the  day  of  its  birth,  has  from  that  very  circumstance  been 
generally  ignored  by  geologists,  because  of  a  certain  air  of  du- 
bions  authenticity  which  accompaaies  the  word.  The  term 
'  Hurouian  has  been  allowed  to  stand  and  to  flourish,  partly  because 
of  the  high  authority  on  which  it  rests  and  the  remoteness  and 
inaccessibility  of  the  typical  locality,  and  partly,  at  first,  because 
of  the  non-publication  of  Dr.  Emmons'  protest^iou  that  it  wa» 
the  equivalent  of  some  part  of  his  Tacouic,  and  later,  because, 
after  Emmons'  death,  as  well  as  before,  his  opponents  were  ac- 
tive in  spreading  views  adverse  to  the  Tacouic  system  through- 
out the  literature  of  American  geology.  The  original  Huroniau 
has  grown  from  the  dimensions  of  a  single  group  (the  qaartzyte 
and  marble  group),  so  as  to  include  all  the  crystalline  rocks 
lying  above  that  group,  spreading  irom  the  Laurentian  to  the 
unchanged  sediments  of  the  Upper  Cambrian.  This  has  become 
80  obviously  wrung,  iu  some  cases,  and  has  included  groups  of 
rocks  so  plainly  extra- Huronian,  that  a  double  and  triple  nomeu- 
datnre  has  been  applied  to  a  part  of  these  upper  rocks,  for  the 
purxtose  of  relieving  the  term  of  the  beterc^neous  burdea 
which  it  was  otherwise  compelled  to  carry.  These  new  names, 
with  the  exception  of  Montalban,  seem  to  be  of  value  only  a» 
regional  designations,  the  strata  which  they  represent  being 
igneous  or  metamorphic,  and  hence  liable  to  be  wanting  in  some 
places  and  to  be  non-crystalline  in  others.  They  further  compli- 
cate the  stratigraphic  nomeuclatnre,  since  the  strata  are  prob- 
ably only  the  locally  modified  parte  of  the  same  system.  Their 
geographic  distribution  in  the  Northwest  not  only  indicates' 
their  stratigraphic  horizon,  but  also  their  limited  and  local  ex- 
istence. 

In  conclnsion,  the  chief  points  brought  out  in  this  discussion 
may  be  stated  more  concisely: 
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1.  The  crystalline  rocks  of  the  Northwest  are  comprised  ander 
aix  well-marked  comprehensiTe  groops. 

2.  The  Taoonio  or  Emmons,  so  named  in  1842,  and  more  cor- 
rectly defined  in  1846,  included  three  of  these  groaps. 

3.  The  Hnronian  of  Canada  is  the  eqaiyalent  of  the  lowest  of 
the  Taconic  groaps,  and  the  perfect  puallel  of  only  the  lowest  of 
the  groups  in  the  Korthwest  that  have  been  designated  Hnronian. 

4.  The  nppermost  of  the  groups  in  the  Northwest  is  local  in 
its  existence  and  exceptional  in  its  character,  and  has  receivedr 
therefore,  a  variety  of  names. 

5.  There  are,  therefore,  ooufosion  and  conflict  of  authority  in 
the  application  of  names  to  the  crystalline  rocks  of  the  North- 
west 
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GEOLOGICAL  NOTES  IN  BLUE  EARTH  COUNTY. 


BY  PEOF.  A.  P.  BECHDOLT. 

Interglacial  peat. —  Some  time  ago  Mr.  Z.  Harrington,  of  Mau- 
kato,  showed  me  asection,  afoot  long,  foar  inches  vide  and  three  ' 
inches  thick,  composed  of  organic  matter,  mainly  compacted 
leaves,  sedges,  etc.,  and  resembling  a  poor  lignite  or  compreaaed 
peat.  When  first  seen  it  was  yet  moist,  and  could  be  cnt  like 
hard  soap.  The  layers,  of  which  it  is  composed,  were  alsa 
somewhat  elastic.  On  drying  it  became  harder,  more  brittle, 
and  cut  like  wood.  On  Satarday,  October  ISth,  I  visited  the 
place,  in  company  with  Dr.  Harrington,  where  it  is  fonnd.  This 
is  in  Mankato  township  on  the  land  of  Messrs.  Pleasanton  and 
Powell,  in  the  bloff  of  a  ravine  bearing  a  stream  that  fiows  into 
the  Le  Saenr  river  from  the  north.  This  oigani«  deposit  is  seen 
in  both  banks  of  the  ravine,  and  can  eaedly  be  traced  horizontally 
abont  three  hundred  feet,  and  then  is  lost.  It  has  a  pretty  ani- 
form  thicknees  of  abont  two  feet,  is  overlaid  by  abont  six  feet  of 
dark  drab  clay  containing  some  pebbles  of  qoartz,  limestone  and 
shale,  and  disseminated  rolled  fragments  of  lignite.  This  clay 
effervesces  briskly  in  hydrochloric  acid.  A  similar  clay  lies  un- 
der this  organic  mass,  considerably  thicker  than  the  upper  clay. 
A  short  distance  farther  down,  into  the  deeper  parts  of  the  ra- 
vine, brings  to  the  surfoce  glacial  boulders.  This  seems  to  me, 
therefore,  to  be  a  mass  of  organic  matter  collected  in  a  low  place 
in  the  glacial  clay  surface  some  time  during  the  glacial  period, 
probably  toward  the  close.  A  fragment  is  sent  with  this  as  a 
specimen.  The  rootlets  of  living  plants  traceable  in  this  speci- 
men disappear  further  in  the  bank  when  the  surface  is  cut  away 
a  few  feet. 

[KoTE. — This  interesting  observation  of  Prof.  Bechdolt  shows 
the  wide  extent  of  the  peat  deposit,  which  accumulated  between 
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-two  epochs  of  glacial  cold,  in  soatbern  Minaeeota.  In  eastern 
Freeborn  and  in  Mower  eoanties  it  has  been  fonnd  extended  over 
an  area  of  several  townships,  lying  outside  of  the  morainic  belt 
that  Grosses  this  part  of  the  state  north  and  south,  and  yet  sep- 
arating two  distinct  glacial  clay  deposits.*  In  Blue  E^rtlk  county 
it  is  here  found  on  the  opposite  side  of  the  same  morainic  belt, 
and  within  the  areaof  the  glacial  activity  of  the  last  cold  period. 
If  the  deposits  at  these  two  points  were  contemporaneous,  it  is 
necessary  to  find  some  explanation  of  the  extension  of  till  east- 
■ward,  so  as  to  cover  it  several  miles  beyond  the  supposed  farthest 
limit  of  the  moving  ice,  in  Freeborn  sad  Mower  counties,  and  of 
the  preservation  of  it  from  disruption  by  the  ice  in  Blue  Earth 
•county  while  it  prevailed  over  a  great  area,  and  extended  into 
Iowa,  as  well  as  of  its  final  burial  beneath  the  six  feet  of  pebbly  clay 
which  lies  over  it.  If  the  deposits  at  those  two  points  were  not 
contemporaneous,  bat  one  succeeded  the  other  by  an  interval  of 
time  amounting  perhaps  to  several  thousands  of  years,  allowing 
the  shrinkage  of  the  ice  mantle  from  its  outer  limit  to  one  of  the 
later  stages  of  its  retreat,  it  will  only  be  necessary  to  find  an  ex- 
planation for  one  fact,  namely:  the  extension  of  till  outwardly 
for  several  miles  beyond  the  so-called  "terminal  moraine."  But 
it  will  be  necessary  also  to  suppose  the  long  coQtinnance  of  the 
same  peat -forming  conditions  about  the  southern  ice -margin. 

If,  on  the  other  band,  the  till  which  overlies  the  peat  in  Mower 
county  be  not  the  horizontal  extension,  and  equivalent  of  that 
which  overlies  it  in  Bine  Earth  connty,  and  there  were  no  lateral 
extension  of  the  till  beyond  the  ice-margin  as  above  presumed, 
then  the  two  tills  in  Mower  county,  separated  by  this  bed  of  peat, 
show  the  existence  of  two  glacial  epochs  in  Minnesota  prior  to 
that  which  has  been  described  as  the  last  glacial  epoch,  and  the 
clay  which  covers  the  peat  in  Blue  Earth  county  may  be  a  peb- 
bly clay  of  a  semi-laenstrine  origin  —  one  of  the  incidents  of  the 
ice-retreat  through  the  Undine  region.! 

A  specimen  of  this  ancient  peat  fl-om  Blue  Earth  county  was 
sent  to  Mr.  B.  "W.  Thomas,  of  Chici^,  for  microscopic  examiua. 
tion.  Hereports:  "Isend  you  slides  of  diatoms,  sponge  spiculte, 
Badiolarius,  eta,  from  the  interglacial  peat  yon  so  kindly  sent 
me.  So  fer  as  I  have  yet  noted,  all  of  the  forms  are  fresh-water, 
about  the  same  as  those  now  fonnd  in  your  fresh-water  ponds, 
streams,  swamps,  etc" — N.  H.  w.] 
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Clapa. —  Od  Friday  afternoon,  October  17th,  Mr.  S.  P-Alberger 
took  me  to  see  the  place  where  he  ha.s  obtained  the  pottety  clay, 
containing  the  Cretaceoos  leaves.  This  point  is  about  half  way 
between  Chalk  ran  and  the  farm  honse  on  the  Le  Snear  river 
bank,  and  as  to  thickness,  etc.,  of  deposit,  and  over  and  ander- 
lying  matter,  are  well  described  on  pagea  435  and  436,  volume 
one,  of  the  final  report  of  the  geological  survey  of  Minnesota. 
In  the  cut  whence  come  the  fossil  leaves,  appears  on  one  side  a 
large  boss  of  rock,  whether  connected  with  other  rock  or  not 
wit^n  the  bank,  conld  not  be  determined.  The  part  exposed 
was  about  four  feet  each  way,  is  very  much  water-worn,  seems 
on  the  surface  formed  of  a  white  clay  very  firm  and  hard. 
Throughout  this  clay  are  scattered,  very  thickly,  little  rounded 
masses  of  the  size  of  peas,  quite  distinct  in  form  from  the  clay, 
but  seeming  to  possess  the  same  composition.  Within,  the  rock 
is  more  siliceous;  grains  of  free  sand  cover  a  freshly  broken  sur- 
face. Along  the  side  of  the  rock  mass  are  markedly  seen  the 
Hues  of  stratification,  exactly  as  seen  on  the  water-worn  or 
weathered  surface  of  the  Bhakopee  at  the  cement  works  and  else- 
where.   (See  figure  11.) 


A  little  further  along  the  bluff  toward  Chalk  run  is  an  expos- 
ure of  the  Cretaceous  clay,  made  during  last  winter.  Here  the 
clay  rests  on  a  floor  of  rock,  whose  edge  is  not  exposed.  This 
rock  has  the  "fawn"  color,  hardness  and  general  external  prop- 
erties of  some  of  the  softer  layers  of  theShakopee.  It  is  worthy 
of  note  that  the  white  clay  on  the  Jordansandstoue  is  from  twenty 
to  thirty  feet  below  this;  and  incidentally  that  from  fr^mentsof 
stone  found  in  this  white  clay  on  the  southeast  corner  of  Chalk 
run  bluff,  where  it  is  just  now  being  uncovered  for  use  this  win- 
ter, the  white  clay  seems  to  lie  on  eroded  snr&ces  of  the  Jordan. 
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[Note. —  The  following  observations  were  made  at  the  pottery- 
works  of  Mr.  Alberger,  in  October,  based  on  a  quantity  of  ma- 
terial for  use  derived  from  his  day- pit  a  short  distance  above  the 
bluff  at  the  railroad  crossing,  the  same  point  as  above  illustrated, 
by  Prof.  Bechdolt.  The  clay  here  used  coataios  namerous  leaves, 
and  through  the  kindnees  of  Mr.  Alberger  a  collection  has  been 
made  and  sabmitted  to  Dr.  Leu  Lesqnerenx,  of  Columbus,  0., 
for  determination.  The  relative  position  of  the  white  clay  and. 
the  other  parts  of  the  bluff  is  here  determined  by  the  statements 
of  Mr.  Alberger. 

In  the  white  (kaolinic)  clay  lying  directly  on  the  saadrock 
are  small  concretions  of  silica,  aboat  as  large  as  pin-heads.  They 
have  a  dull  or  dirty  amethystine  color,  and  are  generally  in  defi- 
nite horizoua,  or  very  thin  sheets  running  coincident  with  a  kind 
of  structural  fibre  in  the  clay  itself,  thot^h  in  general  the  clay  is 
homc^eneoos  and  massive. 

The  white  clay  is  sometimes  concretionary — at  least  lamps  of 
a  coarsely  concretionary,  kaolinic,  clay,  resembling  that  seen 
ander  the  Cretaceous  at  two  miles  below  the  Lower  9ioux: 
Agency* — are  found  in  the  bed  which  Mr.  Alberger  uses  for  tiling 
and  fire  brick.  They  probably  appertain  to  tJie  conglomerate,  which 
is  closely  associated  with  the  potter's  clay  at  that  place.  When  he 
screens  the  conglomerate,  in  order  to  get  siliceoos  material  for 
his  fire-brick,  these  concretionary  lamps  are  brought  to  light. 
Some  pieces  are  small,  like  a  hickory-nut,  and  some  are  as  large 
as  a  peck  measure.  They  are  derived  apparently,  en  masse,  di- 
rectly from  the  bed  of  decayed  material  lying  on  the  crystalUne 
rock'Suriace  at  the  time  of  the  Cretaceous  sabmei^ence.  The 
most  of  the  white  kaolinic  clay,  as  it  lies  in,  under  and  on  the 
Shakopee  and  Jordan  formations,  is  supposed  to  be  due  to  the 
reassorting  and  distributing  agency  of  that  ocean  on  that  pre- 
existing mass  of  soft  material;  said  mass  being  the  result  of 
weathering  and  decay  of  the  crystallines  through  Silurian  and 
Carboniferous  times.  In  the  same  conglomerate  are  silicified 
coraU  and  brachiopods  of  SUurian  and  even  Devonian  age,  fonud 
as  water-rounded  pebbles.  Mr.  Alberger*s  tests  seem  to  show 
that  this  conglomerate  consists  of  purer  silica,  though  containing 
some  chert,  etc,  than  the  saadrock  lyiug  under  the  Shakopee 
limestone.  The  underlying  sandrock,  he  says,  will  ftise  in  the 
beat  he  produces,  rather  easily,  but  the  crushed  pebbles  of  this 
i  he  cannot  fuse. 
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The  following  fects  and  obeervations  were  deriyed  from  a  late 
visit  to  the  cement  works  of  the  Standard  Cement  company,  at 
Mankato. 

1.  They  do  aot  Qse  the  whole  rock  now,  as  they  did  at  first, 
bat  only  the  lower  ten  feet  (about  ten  feet). 

2.  They  lave  had  Bome  poor  cement,  but  this  is  now  obviated 
by  making  some  selection  of  the  rock. 

3.  Mr.  Bod€,  chemist  at  Milwankee,  has  analyzed  all  the  strata, 
and  given  carefnl  attention  to  the'differenees  of  composition,  the 
strata  being  numbered  from  near  the  top  downward.  Nos.  3,  6 
and  7  bad  nearly  the  same  composition,  bat  they  are  using  all 
below  No.  3. 

4.  The  upper  portion  is  bamed  for  qaicklime,  or  is  sold  at 
twenty-five  cents  per  load  for  common  ballding  rock,  the  par- 
chaser  haaling  it  away. 

6.     The  company  have  sold  in  advance  all  the  cement  they 
can  make  &x>m  this  date  to  Jan.  1.  1885,  and  say  they  will  eon-  • 
tinne  in  operation  into  the  winter  as  late  as  possible,  even  if  they 
"have  to  shed  the  qnarry" — the  product  for  the  season  being 
from  25  Co  30  thousand  barrels,  at  $1.S0  per  barrel. 

6.  The  irony  crust  on  the  Bhakopee  is  not  so  mach  dne  to  the 
superposition  of  something  new,  by  accretion,  on  the  surface,  as 
to  a  diange  in  the  Shakopee  itself  to  the  depth  of  about  half  an 
inch.  The  crystalline  facets  of  the  dolomitic  rock  can  be  seen 
plainly  preserved  within  the  irony  crust  at  some  distance  from 
the  line  of  transition  ttom.  the  rock  to  the  crast.  There  is  also 
a  somewhat  difl'erent  color  and  texture  in  the  lower  part  of  the 
crust. 

7.  If  the  clay  lying  nnder  the  limerock  is  of  the  same  age  as 
the  limerock  (Cambrian),  as  supposed  by  Prof.  Bechdolt,  and  as 
indicated  by  the  appearances  at  the  quarry,  and  by  the  intercala- 
tion of  their  clay  beds  within  the  beds  of  the  limerock  at  higher 
levels,  that  seem  to  be  of  the  same  age  as  that  below  —  I  can  only 
explain  it  on  the  hypothesis  that  the  Shakopee  lies  unconform- 
ably,  near  here,  on  the  crystallines,  and  that  at  the  time  of  its 
deposition,  a  submergence  like  that  which  preceded  the  Creta- 
ceoos  kaolinic  days,  took  place,  thus  bringing  the  older  decayed 
material  within  the  strata  of  the  Cambrian.  If  that  be  the  case 
the  Shakopee  will  be  found  somewhere  near  Mankato  lying  on 
the  crystalline  rocks  (though  here  it  lies  on  the  Jordan),  and  the 
white  underlying  clay  will  there  be  still  thicker,  thoaghat  remoter 
points  the  same  clay  is  known  to  disappear  wholly  &om  this  ho- 
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rizon.  By  a  later  (Cretaceous)  sabmergenoe  the  Bame  process 
took  place  again  and  gave  Cretaceous  kaolinlo  deposits,  the  result 
of  wash  from  both  crystalUne  and  Cambrian  areas.  This  whole 
hypotheeis,  however,  as  yet  seems  to  me  unnecessary,  since  I 
think  all  the  clay  -within  and  under  the  Shakopee  may  be  attrib- 
uted to  the  insiDoatiog  action  of  the  water  of  the  'Cretaceons 
ocean  on  the  pre-existing  ireather-cracks  and  openings  of  the 
Shakopee,  carrying  the  fine  clay  to  the  deepest  recesses,  wherever 
the  water  could  enter  —  and  eepecially  because  we  know  of  no 
BQch  overlapping  of  the  later  Cambrian  unconformably  on  the 
orystallines. —  n.  h.  v.] 
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FOSSIL   ELEPHANT   IN    WINONA   COUNTY. 


BY  P£OF.   JOHN  HOLZINOEB. 


State  Noekal  School, 

Winona,  Feb.  11, 1885. 

Prof.  N.  3.  Winch^,  Mameapolit,  Minn., 

Dear  BEB:  If  my  memory  serves  me  correctly,  you  ioqaired 
qnite  a  while  ago  about  some  remaiDS  of  a  mastodon  sapposed  to 
have  been  found  in  Winona  county,  and  now  depoeited  In  our 
It  ormal  School  mosenm.  I  wrote  to  yoa  then  that  we  have  only 
the  remains  of  a  mastodon  found  near  Dubuque,  Iowa.  And 
this  was  in  foot  all  that  I  knew  at  the  time.  Recently  when  I 
removed  the  precious  remains  of  said  animal  I  discovered  the 
incoDgmity  of  the  crown  of  a  tooth,  and  a  fragment  of  a  task 
with  the  rest  of  the  skeleton.  Since  then  Prof.  Morey,  former 
principal  of  our  school,  has  gone  through  the  Museum  with  me,  ■ 
and  when  I  indicated  to  him  the  want  of  agreement  in  the  struc- 
ture of  the  several  parte;  he  informed  me  that  the  tooth  and  frag  • 
ment  of  task  did  not  belong  to  Prof.  Woodman's  collection*  at 
all.  These  pieces,  he  said,  were  added  daring  his  administration; 
and  he  knew  positively  that  they  were  found  by  the  workmen  on 
the  Chioagp  &  Northwestern  railway,  near  Stockton,  and  that  in 
the  same  locality  was  found  a  large  antler  of  an  elk,  about  three 
feet  long.  But  the  striking  point  of  it  all  is  that  tooth  and  tusk 
seem  to  be  not  parte  of  a  mastodon;  bat,  to  judge  from  the  grind- 
ing surface,  and  size  of  the  tooth,  they  belonged  rather  to  a  spe- 
cies of  Elepbas.  The  question  is,  was  it  the  common  Elephas 
primlgenius. 

Hoping  that  it  is  not  too  late  for  you  to  make  use  of  this  note, 
I  remain,  cordially  yours,  JOHK  M.  Holzingeb. 

*  The  Dubuqnc  BpHlmea  hKI  been  porcbued  of  Prof.  H.  T.  Woodnun. 
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pJoTE — On  making  farther  inqairies  concerning  the  exact  loca- 
tion of  the  finding  of  thesse  remains,  Prof.  Holzinger  ascertained, 
from  Dr.  Cole,  of  Winona,  that  he  had  broaght  a  piece  of  a  task 
fk>m  Stockton,  taken  from  a  day-bank  vithln  forty  rods  of  the 
railroad  crossing  of  the  highway,  and  deposited  it  in  the  Xormal 
School  mu8eam,8ome  twenty  years  ago.  Also,  that  Hon.  Thomas 
Simpson  sent  the  greater  part  of  the  piece  of  tnsk  to  the  mnsenm 
of  the  State  Historical  Society.  Mr.  Simpson  also  stated  that 
the  tooth  now  in  the  possession  of  the  Iformal  School  was  found 
in  the  same  place  as  the  task,  only  a  little  later,  dnring  the  cut 
through  the  clay-bank.  This  clay-bank  is  the  loeee-loam  of  the 
region,  lying  in  the  valley  where  Sto<^ton  is  sitnated,  between 
high  rocjt-blnfib  composed  of  the  St.  Croiz  and  St.  Lavrenoe 
formations.* 

By  the  kindness  of  Prof.  Holzlnger  this  tooth  was  snbmitted 
for  examination  and  description,  and  the  following  notes  were 
made.    It  is  iUosti-ated  by  the  figtu-e  on  plate  II. 

It  is  not  an  entire  tooth,  bat  apparently  lees  than  one-half  of 
the  original.  It  is  five  inches  long,  fore  and  aft,  on  the  crown, 
and  three  and  a  half  inches  in  width.  Elntire  plates  are  wanting 
from  both  ends,  so  that  the  piece,  as  shown  in  the  flgnre,  repre- 
sentfi  the  central  tritaratingsarfaoeof  the  crown,  well  worn.  It 
is  five  and  three-foarths  inches  deep  perpendicularly,  with  signs 
of  having  lost  an  inch  or  more,  liie  flat  crown  shows  eight 
enamel  plates  (one  at  each  end),  the  average  distance  between 
their  centres  being  three-fourths  of  an  inch.  The  thickness  of 
'  these  plates,  though  double,  averages  less  than  one-quarter  of  an 
Inch;  and  hence  the  intervening  cementum  averages  a  little  more 
than  one-half  inch  in  thickness.  These  plates  are,  therefore, 
"attenuated  and  concentrated,"  as  Falconer  remarks  of  Ameri- 
can representatives  of  the  Elephas  primigenins.  The  plate  rep- 
resents the  natural  size  of  the  crown  of  the  tooth. 

The  dentine  (in  the  centre  of  the  plates)  is  so  thin  in  some 
places  as  to  be  hardly  visible.  The  enamel  plates  are  direct  and 
nncrimpcd,  hardly  undulating  as  they  pass  from  one  side  of  the 
tooth  to  the  other.  This  might  be  Elephax  primigeniv*,  Bin.,  as 
that  species  was  at  first  nndeistood  to  range  in  America. 

In  1838,  Dr.  C.  Briggs,  a  member  of  the  corps  of  the  first  geo- 
logical survey  of  Ohio,  first  described  Elephas  Jacksoni,  from 
Jackson  county,  Ohio,  as  distinct  from  E.  primigenins,  Blu-fand 

•  Se«  Ih«  IdbI  repon,  vo).  i,  p.  23S. 

t  Motber'g  flnt  idoukI  repon,  IS38.  Tbli  namt  was  flnt  ippU*d  bf  Brlggi  In  tb«  Ameiicui 
JourDil  of  Sclenc«,  toL  xxiIt,  \i3i. 
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Mr.  BilliDgs  iras  dispoaed  to  have  tbis  name  cover  all  specimeDS, 
excepts.  Colnmbi,  "found  in  America  as  &r  north  as  tbe  United 
States  and  Canada,  "(Canada  then  was  Upper  andLowerCanada, 
and  not  the  Dominion,  as  non-,)  inclndiog  that  described  by  him- 
self from  Burlington  HeightB,  near  Hamilton,  at  the  western  ex- 
tremity of  lake  Ontario,  found  in  1852. 

De  Kay,  however,  according  to Leldy in  "Extinct  mammalian 
&una"  (vol.  vi,  of  the  second  series  of  tlie  Philadelphia  Acad- 
emy of  N'atnral  Sciences,  Journal),  named  the  American  speci- 
mens E.  americanns,  a  name  which  Leldy  revives  and  continues, 
both  in  the  above  publication  and  in  the  volume  of  Hayden's 
survey  (vol.  i),  entitled  "  Contribntions  on  the  extinct  vertibrate 
&una  of  the  western  territories,"  p.  238.  Billingn,  however,  at- 
tributes the  origination  of  the  specific  name  americanns  Leidy, 
at  the  date  of  1863.    (See  Can.  Nat.,  vol.  viii,  p.  146.) 

Dr.  Falconer  established  E.  columbi  in  1S67,  conclnding  it 
ranges  about  the  gulf  of  Mexico  and  southward.  (Natural  His- 
tory Review,  Jan.,  1863.)  He  seems  to  include  in  it  E.  jacksoni, 
of  Briggs,  and  its  representatives  from  other  places. 

E.  imperator,  Leidy  (1858),  was  at  first  thought  to  be  new,  be- 
cause associated,  as  supposed,  with  a  peculiar  geological  fauna  of 
a  different  (earlier)  age,  but  Leidy  now  rather  includes  it  (with 
colnmbi)  in  americanns,  and  thinks  its  relations  to  the  other 
fossils  with  which  it  was  reported  to  be  associated  are  not  estab- 
lished satisfactorily. 

E.  texanns  (Blake  or  Owen,  1858)  is  satisfectorily  proved  by 
Falconer  to  be  a  synonym  of  E.  colnmbi.  (Nat.  History  Review, 
Jan.,  1863.) 

Billings  in  the  Canadian  Naturalist,  vol.  viii,  p.  146,  regards 
columbi  and  jacksoni  as  distinct  from  each  other,  and  from 
primigenins. 

This  Stockton  specimen  is  quite  distinct  from  the  Montana 
specimens  described  in  the  tenth  annual  report,  in  the  thinness 
of  the  plat«s,  and  the  large  amount  of  cementum  between  them; 
and  if  either  be  different  from  the  primigenius,  of  Blumenbach, 
it  is  that  fbsm  Stockton,  and  might  be  distingnlshed  by  Leidy's 
name  americanns.  According  to  Falconer,  however,  probably 
the  best  of  English  authorities,  these  would  all  be  classed  as 
"primigenins. — N.  H.  w.] 


.vGoogIc 


THIRTEENTH  ANNUAL  BEPOBT 


noULDER-CLAYS. 


ON  THE  MICEO8COPI0  STBUCTUEE  OF  CERTAIN  B0ULDER-CLAY8 
AND  THE  OBGANTBHS  CONTAIITED  IN  THEIf.  BY  DB.  GEOBGB 
M.  DAWSON,  D.  B.,  F.  G.  S.,  F.  B.  8.,  CAN.,  ASSOCIATE  B.  S.  M., 
AND  AaSTSTANT  DIBBCTOH  OF  THE  GEOLOGICAL  SFEVBT  OF 
CANADA.  * 

In  a  paper  read  before  the  Academy  in  Jacaary,  1884,  and 
printed  in  the  "bolletin  of  the  Academy  (vol.  i,  No.  4),  H,  A. 
Johnson,  M.  D.,  and  B.  W.  Thomas,  F.  K  M.  S.,  gave  the  re- 
enlts  of  an  investigation  by  them  of  microscopic  organisms  ia 
the  boulder  elay  of  Chicago  and  vicinity.  This  paper  refers 
principally  to  certain  remarkable  bodies  first  fonnd  by  these 
gentlemen  in  1865-6-7  in  specimens  of  the  clay  through  which 
the  lake  tnnnel  which  supplies  the  city  of  Chicago  with  water 
from  lake  Michigan  was  being  constmcted.  On  the  completion 
of  the  tannel  large  nnmbets  of  the  same  bodies  were  observed 
in  the  filtrate  from  the  city  water  supply,  and  which  were  sab- 
seqaently  proved  to  be  identical  with  oi^anisms  described  in 
1871  by  Sir  J.  W.  Dawson  from  the  Devonian  shaleB  of  Kettle 
PoIqI^  lake  Hnron,  They  have  since  been  observed  in  the 
Devonian  rocks  of  a  unmber  of  widely  separated  localities,  and 
are  now  believed  by  Sir  J.  W.  Dawson  to  be  the  spores  of 
rhlzoearpB.t  Mr.  Thomas,  in  a  note  to  the  paper  fiist  quoted, 
refers  to  the  additional  discovery  in  bonlder-clay  from  Minne- 
sota, sent  to  him  by  Prof.  N.  H.  Winchell,  of  several  species  of 
Foraminlfera,  evidently  derived  from  the  Cretaceons  rocks  of 
that  region.  Since  this  annonncement  Mr.  Thomas  has  mounted 
for  the  microscope  and  examined  many  samples  of  boalder-claym 
from  various  places,  and  has  favored  me  from  time  to  time  with 
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a  number  of  his  preparationB.  He  has  also  kindly  prepared  and 
moanted  Bpecimens  of  several  bonlder-clays  and  allied  materials 
collected  in  Manitoba  and  the  Saakatchevaa  region.  At  hia  re- 
quest the  notes  made  by  me  on  these  last  and  on  a  fev  of  those 
first  mentioned  are  here  offered.  This  paper  most,  however,  be 
nnderstood  to  be  merely  of  a  preliminary  and  general  character, 
being  based  on  the  examination  of  less  than  one  hundred  micro- 
scopic preparations.  It  may,  it  is  hoped,  be  snpplemeated  later 
by  a  more  detailed  report,  inclnding  the  discussion  of  a  larger 
suite  of  specimens  i^om  a  greater  number  of  localities. 

The  minnte  investigation  of  these  boolder-clays  has  resulted 
in  the  discovery  of  many  objects  which,  while  evidently  of  or- 
ganic origin,  are  very  difiBcnlt  to  name  or  classify,  and  require 
comparison  with  a  wide  range  of  bodies  and  reference  to  many 
works  for  that  purpose.  Mr.  Thomas  has  also  found  that  even 
in  the  case  of  those  clays  with  which  he  is  most  familiar  each 
new  lot  of  preparations  mounted  is  almost  sure  to  show  forms 
not  before  observed,  and  that  the  field  is  an  ever-widening  one. 

It  is  now,  therefore,  proposed  merely  to  denote  the  tdassee  of 
objects  so  far  observed  in  the  various  boulder-clays,  and  when 
possible  the  genera  to  which  the  organisms  belong,  without  at- 
tempting to  catalogue  them  specifically.  Neither  is  it  here  in- 
tended to  enter  Into  any  farther  discussion  as  to  the  nature 
of  the  Sporangites  occarring  in  some  of  the  clays. 

It  should  also  be  stated  that  most  of  the  objects  on  the  many 
slips  examined  have  been  indicated  by  maltwood  markings  by 
Mr.  Thomas,  a  circumstance  greatly  reducii^  the  amount  of 
labor  involved  in  going  over  the' material. 

[It  shoald  be  explained  that  the  material  referred  to  in  the 
sacceeding  notes  is  that  part  of  the  boulder-clay  which  is  com- 
'posed  of  particles  of  mediam  size,  from  which  the  very  fine  mat- 
ter has,  as  a  role,  been  separated  by  decantatlon.  This  again 
has  been  sized  by  repeated  decantations  at  intervals  of  one,  two, 
or  three  minutes.  Mr.  Thomas  states  that  the  greater  number 
of  examples  of  a  given  form  are  frequently  thus  obtained  in 
material  of  a  certain  grade  of  fineness.] 

JBoulder-dajfa  of  Chicago  and  vicinity. 

The  preparations  examined  representing  the  boulder-clay  of 
Chicago  and  vicinity  are  as  follows:  From  Chicago  lake  tunnel, 
86  feet  down,  5  slides;  North  Chicago  boulder-clay,  60  feet  down, 
llj  North  Chicago  clay,  64  feet  down,  2;  North  Cbica^,  66  feet 
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down,  10;  corner  of  Washington  and  Clark  streets,  8  feet  down, 
1;  or  29  in  all.  These  are  so  similar  in  their  general  characters 
and  the  class  of  objects  which  they  present  that  they  may  be 
considered  together. 

The  inorganic  material  in  these  clays,  as  represented  by  the 
above  preparations,  consists  largely  of  quartz  saud,  in  which 
few  well-rounded  grains  appear,  most  being  sab-angnlar  and 
many  quite  angnlar  and  anworn.  With  these  is  about  the  usual 
proi>ortion  of  bottle-green  particles  of  hornblende,  with  a  few  of 
mica  and  feldspar,  yearly  one-half  of  the  entire  material  is, 
however,  composed  of  flattened  and  roanded  grains  of  fine  shale, 
which  have  a  dark  brown  color  and  graunlar  texture  by  trans- 
mitted light.  One  or  two  of  the  quartz  grains  show  included 
crystals  and  many  hold  fiuid  or  gas  cavities.  The  bodies  of  or- 
ganic origin  most  commonly  met  with  are  referable  to  iSfpora»- 
giU»  huronenaia,  of  Sir  J.  W.  Dawson,  of  the  Devonian  shales. 
These  are  extremely  abundant,  and  the  shale  particles  already 
described  are  doubtless  derived  from  the  disintegration  of  the 
same  beds.  They  are  in  some  instances  very  well  preserved, 
bat  are  also  present  in  all  stages  of  decay,  and  in  many  cases 
hold  a  quantity  of  agranular,  shaly,  or  clayey  matter  in  their 
interiors.  Besides  these  a  specimen  occurs  in  the  material  from 
the  lake  tunnel  of  entirely  different  character.  It  is  a  partly 
flattened  sphere  of  0.2  m.  m.  in  diameter,  with  radiating  and 
concentric  structure,  brownish  color,  and  very  small  centml 
cavity,  or  nucleus.  This  is  precisely  similar  to  the  bodies  from 
the  Devonian  rocks  described  and  figured  au  Macrospores  by 
Mr.  Clarke  in  his  paper  above  refen-ed  to.  Two  more  bodies  of 
the  f<nme  rilass  appear  in  other  preparations,  but  are  more  nearly 
and  evidently  in  a  different  state  of  preservation, 
lem  a  small  fragment  of  the  matrix  attaches  and 
iw  that  both  of  these  may  have  come  from  a  lime- 

)andance  to  the  Sporangites  is  a  class  of  bodies  the 
of  which  is  very  doubtful.  Of  these  at  least  twelve 
snts  were  noted  in  the  preparations  under  discus- 
lany  smaller  and  less  characteristic  pieces.  They 
iribed  as  spines  or  spicules,  generally  cylindrical, 
es  trough-shaped  or  triangular  in  cross-section,  aver- 
.05  m.  m.  in  diameter,  and  of  pale  yellowish  brown 
r  structure  is  very  finely  granular,  and  the  outer 
i  or  less  roughened,  as  though  from  erosion.     They 


.vGoogIc 


STATE  GEOLOGIST.  163 

are  in  some  cases  distinctly  tubular,  with  a  small  central  cavity; 
in  others  have  a  thick  medullar  portion,  which  is  poorly  defined 
bnt  differs  somewhat  in  texture  from  the  exterior.  Some  of  the 
fragments  terminate  in  acute  points,  others  have  a  slightly  swol- 
len, rounded  end,  and  one  was  observed  to  be  doubly  tenninated 
and  nearly  spindle  shaped.  They  appear  to  be  ealcareoos,  but 
whether  this  is  their  original  condition  or  the  result  of  mineral- 
ization is  uncertain.  They  can  scarcely  be  chitinooB,  being 
mnch  paler  in  color  than  other  specimens  of  this  character  met 
with  in  some  of  the  preparations.  So  many  organisms  may  have 
produced  spines  or  spicolee  resembling  these  bodies  that  it  is 
not  yet  possible  to  assign  them  definitely.  They  do  not  appear 
to  be  8i>onge  spicules,  bat  as  their  color  and  texture  is  not  un- 
like that  of  the  next  class  of  objects,  they  may  possibly  be  partly 
mineralized  chitiuons  setse  of  Annelids,  derived  from  some  of 
the  subjacent  rocks.  Their  diversity  iu  shape  is  sudi  that  they 
must  either  represent  several  species  or  belong  to  different  parts 
of  some  organism  in  connection-with  which  several  types  of 
appendage  of  this  character  are  developed.    See  Fig.  12. 

Among  the  most  interesting  bodies  found  iu  these  clays  are 
certain  comblike  objects  which  are  regarded  as  annelid  jaws. 
Of  these  four,  all  fragmentary,  have  been  observed.  They  were 
at  first  supposed  to  be  teeth  from  the  lingual  ribbon  of  some 
mollusk,  but  on  more  careful  examination  were  found  to  be  un- 
like the  teeth  of  any  mollusk  of  which  figures  can  be  found,  and, 
moreover,  to  correspond  almost  exactly  in  form  with  some  of  the 
annelid  jaws  descrit^ed  by  Mr.  G.  J.  Hinde  from  the  Silurian  and 
Devonian  rocks  of  Canada."'    See  Fig.  13. 

Oneof  thespecimensshowsa  series  of  long  and  curved  prongs. 
Three  others  apparently  belong  to  a  single  type,  in  which  a 
nearly  flat  plate  is  armed  along  oue  edge  by  a  series  of  small, 
close  denticles  arranged  somewhat  obliquely  to  the  line  of  at- 
tachment. See  Fig.  11.  Like  the  bodies  last  described  they  are 
of  a  pale  straw  color,  differing  iu  this  respect  from  Mr.  Hiude's 
specimens,  which  are  said  to  be  shining  and  black;  but  this 
difference  may  arise  from  the  mode  of  preservation.  They  ex- 
hibit no  reaction  with  polarized  light,  and  are  smooth  and  not 
distinctly  granular.  The  ends  of  the  prongs  or  denticles  are 
worn  and  roughened  as  though  by  use. 

Other  bodies  occurring  in  these  prepai'ations  in  smaller  num- 
bers need  not  be  referred  to  in  detail.    Two  broken  specimens 

•  diurtmlr  JonrulortbeGesloglulSoclet]',  18;9,p.  STO. 
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evidently  represent  Ostracoda.  They  show  no  well  marked 
Bcnlpture.  bat  a  minntely  granular  stmctnre.  The  most  perfect 
is  .31  m.  m.  in  length.  A.  third  specimen,  somewhat  larger,  and 
also  broken,  is  either  a.  email  Sphserinm  or  a  very  yonng  speci- 
men of  some  larger  shell.  All  three  have  adhering  to  them 
brownish  shaly  particles,  which  appear  to  indicate  their  origin, 
thongh  it  most  be  reraarked  that  the  shell  snbetance  is  very  well 
preserved  and  fresh  looking.  Still  another  specimen  is  a  broken 
piece  of  the  edge  of  a  large  calcareoos  shell  or  carapace,  beanti- 
folly  marked,  and  possibly  that  of  an  ostracod  of  another  species. 
The  remaining  objects  observed  are  mere  fragments,  quite  in- 
determinate in  character.  Among  these  are  small  pieces  of  » 
delicate  ribbed  shell,  the  ribs  being  square  in  croes-section.  A 
rather  large  chitinoos  fr^ment,  striated  extremely,  bat  withont 
any  other  apparent  stractare,  and  one  or  more  pieces  of  straight 
tabalar  siliceoos  spicules,  probably  belonging  to  some  sponge. 

The  probable  sonrces  of  the  organic  bodies  in  these  clays  is 
discQsaed  snbeeqnently  in  connection  with  those  £rom  other 
places. 

Boulder-daya  from  BloomitiffUm,  lU.,  107  feet  dotom. 

[This  clay  immediately  anderliee  an  interglacial  deposit  of  soil 
and  peaty  matter  with  remains  of  wood,  etc.]*  Of  this  clay  five 
preparations  only  have  been  examined.  The  coarse  material 
is  here  chiefly  quartz  sand,  of  which  by  &r  the  larger  propor- 
tion is  snb-angular.  There  are  also  a  few  grains  of  amethystine 
quartz,  showing  sharp  conchoidal  A-actare.  Several  quartz 
grains  show  inclnsions,  one  of  verysmall  hexagonal  red  crys- 
tals, probably  hematite.  Hornblende  grains  are  moderately 
abundant,  but  shaly  fragments  such  as  those  which  make  up  a 
large  proportion  of  the  material  from  the  Chicago  clays  are 
almost  or  altogether  wanting.  ■  A  few  Sporangites  exactly  like 
those  previously  noticed  occur,  together  with  one  or  two  speci- 
mens of  the  pale  brownish  granular  spines,  or  sets,  found  in  the 
Chicago  clays.  A  small,  flat,  curved,  finely  ribbed  body  in  one 
of  the  slips  resembles  part  of  the  edge  of  a  carapace.  While 
therefore  not  altogether  wanting  in  this  day,  oi^nic  traces  ap- 
pear to  be  very  scantily  represented. 
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SoulAer-days  from  Meeker  county,  Minnesota. 

This  material  is  derived  from  a  well  sliaft  sank  in  Meeker 
county,  at  a  depth  of  abont  twenty -two  feet,  and  was  transmitted 
to  Mr.  Thomas  by  Pro£  K.  H.  Winchell,  state  geologist  of 
Miimesota.  Mr.  Thomas  has  made  a  large  series  of  preparations 
from  it,  a  nnmber  of  which  I  have  tad  the  opportunity  of  in- 
specting. 

As  the  Foraminifera  contained  in  these  preparations  are  be- 
ing named  and  catslogaed  by  Messrs.  A.  Woodward  and  B.  W. 
Thomas,  the  remarks  here  given  are  confined  entirely  to  the  gen- 
eral character  and  contents  of  the  clay,  witli  the  object  of  com- 
paring it  with  those  from  other  looalities. 

The  coarser  material  from  this  clay,  as  it  appears  iu  the  prep- 
arations, is  chiefly  quartz  sand,  which  is  generally  sab-angalar, 
thongh  with  some  well-rotinded  grains.  Hornblende  and  mica 
appear  in  about  the  usual  proportions,  and  two  quartz  grains 
with  very  beautiftU  inclusions  were  noticed,  one  being  probably 
either  hornblende  or  rutlle,  the  other  possibly  apatite.  A  large 
proportion  of  the  material,  however,  consiste  of  rounded  grains 
of  shale,  of  gray  or  greenish-gray  color  by  transmitted  light,  and 
not  nearly  so  dark  as  the  shale  mixed  with  the  Cbicf^  days. 
In  specimens  boiled  in  nitric  acid,  the  shaly  fragments  have  be- 
come reddish  from  the  oxidation  of  the  iron. 

Of  organic  bodies  present  in  these  specimens  of  Minnesota  clay, 
the  Foraminifera  are  most  prominent  and  important.  They  are 
evidently  derived  from  the  Cretaceous  strata,  and  resemble  those 
found  in  the  western  development  of  these  rocks,  both  specifically 
and  in  mode  of  preservation. 

Raialidee  and  TextviaridcE  are  most  abundant,  though  speci- 
mens of  Globigerina  and  other  genera  also  occnr.  B'ext  in  abund- 
ance to  the  Foraminifera  are  remains  of  Badiolaria.  Some  diffi- 
culty was  experienced  in  deciding  the  true  nature  of  fragments 
of  these  bodies  at  first  met  with,  but  the  subsequent  disuovery  of 
numerous  and  often  well  preserved  specimens,  and  the  observation 
by  Mr.  Thomas  that  they  resist  boiling  in  nitric  acid,  now  leaves 
no  doubt  as  to  their  character.  Several  genera  and  quite  a  num- 
ber of  species  are  represented,  and  it  will  eventually  be  possible 
to  determine  many  of  these  forms  specifically.  Most  appear  to 
belong  to  the  Polysphteridie  and  Cystidte  of  Haeckel's  classifica- 
tion. The  constant  occurrence  ofthese  bodies  with  the  Cretaceous 
Foraminifera  iu  the  Minnesota  preparationB  and  in  those  from 
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other  places,  with  their  abseuce  ttom  these  materials  not  equally 
characterized  hy  the  Foraminlfera,  leaves  little  room  to  doabt 
the  Gommoa  origin  of  both.  Among  misoellaneoas  objects  fWim 
the  Minnesota  clay  may  be  mentioned  a  few  fraf^mente  apparently 
identical  with  the  minutely  granular  spines  or  setfe  described  as 
occurring  in  theChict^o  claysj  also  two  broken  portions  of  stoat 
siliceous  spicules,  about  .026  m.  m.  in  diameter,  one  smooth,  the 
other  tuberculated ;  both  tubular,  and  probably  belonging  to 
some  sponge.  Lastly,  a  single  specimen  of  a  very  curious  body, 
of  str^^ling  and  irr^nlar  form,  composed  of  numerous  expan- 
sions differing  in  shape  and  size  and  pretty  nniformly  pitted,  bat 
connected  by  narrow,  smooth  necks.  As  this  is  in  one  of  the 
preparations  which  has  been  treated  with  acid,  it  must  be  sili- 
ceous. I  can  only  suggest  that  it  may  be  the  siliceous  cast  of  some 
foraminifer  like  AschemoneUa  catenata  of  Norman,  the  arenaceous 
test  of  which  has  been  composed  of  calcareous  particles  which 
have  left  pitted  impressions  on  the  cast.  Against  this  isthefoct 
of  its  small  size,  it  being  about  .2  m.  m.  only  in  greatest  dia- 


Bovider -day  from  Crete,  Saline  county,  Ndtraahi. 

This  material,Mr.Thomasinforms  me,  wasobtained  from  asingle 
small  excavation.    It  was  forwarded  to  Mr.  Thomas  by  Prof.  G.  D. 
Swezey,  and  is  described  by  him  in  a  letter  to  Mr. Thomas  as  a  bine 
clay  underlying  the  loess.     The  inorganic  matter  in  the  prepara- 
tions made  from  it  consists  lai^ely  of  fine  angular  and  sub-angalar 
quartz  grains,  with  a  small  proportion  of  green  hornblende  and 
much  shale  or  earthy  limestone  in  little  particles  which  differ  in 
color  and  texture.    It  is  extremely  rich  in  organic  forms,  chiefty 
Cretaceous  Foraminlfera,  so  much  bo  that  it  seems  probable  that 
it  is  largely  composed  of  the  debris  of  the  Niobrara  division  of 
,  and  that  a  complete  study  of  its  contents  woald 
lude  that  of  all  the  forms  occurring  in  the  chalky 
lat  stage.    The  present  notice' of  it  mast  therefore 
as  of  the  most  general  and  preliminary  character 
material  a  suite  of  thirty-one  preparations  has 
I,  and  in  an  enumeration  of  about  one  hundred  of 
ved  forms  nearly  fifty  per  cent  belong  to  the  Tex- 
mainder  being  made  np  in  nearly  eqaal  propor- 
lerinida,  Ratalidw,  miscellaneous  Foraminlfera  of 
and  radiolarians,  resembling,  and  in  some  cases 
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identical  with,  the  Minnesota  species.  Fr^ments  of  calcareona 
prisms  from  the  shell  of  Inooeramns  and  iu  the  finer  matter  spe- 
cimens of  eoccoliths  and  rhabdolitbs  also  occnr;  all  resembling 
in  eveiy  respect  similar  bodiee  found  in  the  Niobrara  rooks  of 
Nebraska  and  Manitoba.* 

Many  of  the  Foraminifera  are  completely  filled  with  calcite, 
while  others  are  still  partially  hollow,  and  yet  othere  are  filled 
partly  with  calcite  and  partly  with  black  carbonaoeoos  or  bitum- 
inous matter.  Of  objects  of  an  anosnal  character  two  may  be 
specialty  referred  to.  A  rod-like  body  about  .2  m.  m.  in  lenfrth, 
narrowed  near  the  middle,  thongb  broken  at  one  end,  and  marked 
by  nnmeroDB  pits  ifk  linear  series.  This  may  be  a  small  spine 
from  some  echinoderm.  Also  a  hollow  conical  tooth  or  spine, 
evidently  that  of  a  fish,  also  broken,  bat  still  .25  m.  m.  in  length. 

BoiUder-elay  from  a  wcfl  at  Eos&ifeld,  Manitoba. 

This  material,  sent  to  me  nnder  the  name  of  "hard-pan,"  was  ob- 
tainedatadepth  of  135  feet,  in  a  well  bored  by  the  Canadian  Pacific 
railroad  company  at  Bosenfeld,  Manitoba.  It  formed,  mixed  with 
gravel  and  bonlders,  a  layer  of  eighteen  feet  in  thickness,  below 
the  post-glacial  allarial  deposits  of  the  Bed  river  valley  and  rest- 
ing on  a  Silnrian  shale.  As  the  well  was  bored  with  an  ordi- 
nary percnssion  drill,  it  is  possible  that  some  matter  from  the 
alluvial  deposits  above  referred  to  may  have  been  mixed  with 
the  specimen  of  "hard-pan,"  b'nt  so  tar  as  examined  these  allu- 
vial deposits  do  not  bold  any  oi^anic  forms.  Numerous  small 
particles  of  steel  tvom  the  edge  of  the  drill  occur  in  the  six 
preparations  representing  this  clay. 

The  inorganic  coostitaents  are  coarse  in  texture,  quartz  grains, 
of  which  nearly  one-half  are  perfectly  rounded,  as  usual  pre- 
dominating. Bottle-green  hornblende  is  moderately  abundant, 
as  are  also  fragments  of  feldspar  and  limestone,  but  shaly  mate- 
rials are  almost  altogether  wanting.  Bodies  of  organic  origin  are 
rather  scarce,  Foraminifera,  however,  being  most  common,  and 
a  Textularia  of  the  type  of  T.  globulosa  is  <^aracteriatic.  A  few 
Botalidse  are  also  present,  with  broken  chambers  of  other  Fo- 
raminifera. The  examination  of  a  greater  quantity  of  the  mate- 
rial would  donbtless  lead  to  the  discovery  of  all  the  ordinary  Cre- 
taceous types. 

•Se*  k  fpet  \>j  tfaa  vrllsr  In  tbe  CiDkdUn  KatonUn,  lET^ 
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Boulder-clay  from,  the  South  Saakatcheiean  river  ten  miles  east  of  the 
mojiUi  of  the  8wift  Ourrent. 

This  and  the  two  following  localities  in  the  Canaclian  north- 
west territory  are  represented  by  specimens  collected  by  Mr.  B. 
O.  McConnell.  The  three  localities  lie  between  the  106th  and 
108th  meridians,  and  represent  a  portion  of  the  great  drift-cov- 
ered area  of  the  northern  plains.  The  material  fiY>m  this  place 
is,  as  nsnal,  largely  siliceous,  but  there  is  a  larger  proportion  than 
common  of  coarse,  thoronghly-ronnded  quartz  grains.  Horn- 
blende and  other  crystalline  minerals  &om  the  Laarentian  or 
Huronian  are  also  present,  and  there  is  a  notable  quantity  of 
amethystine  quartz  in  angular  fragmente.  Comminuted  very 
fiue-gronnd  gray  shale  is  moderately  abundant.  Bodies  of  or- 
ganic origin  are  not  frequent.  In  pretty  oarefally  examining  a 
series  of  six  preparations,  about  ten  only  were  met  with.  Theee 
are  TextvJarUe  and  rotaline  Foraminifera,  with  one  very  small 
Olobifferina,  and  a  couple  of  radiolariaus;  one  very  perfect,  oval 
and  .09  m.  m.  in  longest  diameter.  (_Baliomma  t)  A  fragment 
was  also  fbnnd  of  bony  substance,  showing  haversian  canals  and 
probably  portion  of  a  ganoid  scale.  There  is  also  in  these  prep- 
arations a  number  of  rounded  and  flattened  grains,  nearly  trans- 
parent, thongh  in  some  cases  with  a  more  opaqne  central  spot, 
and  surface  minutely  and  regnlarly  roughened.  These  were 
eventnally  determined  by  comparison  to  be  fragments  of  some 
pearly  shell,  probably  that  of  TJnio,  a  form  quite  abundantly 
represented  in  the  Cretaceons  and  Laramie  rocks  of  the  region. 
The  appearance  of  an  opaqne  nndens  in  some  examples  appears 
to  result  from  the  non-penetration  of  the  monuting  medium  to 
the  centre  of  the  larger  gi-ains. 

Botdder-clay  from  ten  mUee  north  of  the  South  Saakatcheioan,  etut  of 

Miswari  Ooteau,  tovmahip  21,  range  10,  west  of  3d  prtnci- 

pal  meridian. 

The  material  in  six  preparations  from  this  clay  differs  from  the 
last  described  only  in  the  much  greater  quantity  of  comminuted 
shaly  matter  of  a  reddish-brown  tint.  Bodies  of  organic  origin 
are  here  again  scarce.  No  Foraminifera  were  found.  Two  or 
three  broken  pieces  of  minute  rod-like  pitted  objects,  very  doubt- 
fully referred  to  small  spines  of  some  Bchinoderm,  and  evidently 
identical  in  character  with  that  previously  described  from  Saline 
county,  ITebraska,  were,  detected.     Those  occurring  here  are 
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about  .015  m.  m.  Id  diameter.  AnotlLer  Bomevhat  similar  object 
Is  rather  stonter  ancl  vith  a  rongbened  sarface  without  regalar 
markings.  A  small  broken  piece  of  some  chltinoiis  test  was  also 
observed,  but  od  the  wliole  this  material  is  very  barren. 

Boulder-clay  from  the  Sovitk  Saskaichewan,  fifteen  miteg  above  the 


In  the  preparations  from  this  clay  —  eighteen  in  nnmber  —  the 
sandy  material  is  mach  finer  than  in  the  two  last.  It  is  nearly 
half  composed  of  shaly  fragments  of  brown  color,  the  qaartz 
sand  being  also  rather  more  angular  than  usual.  It  is  richer  in 
organic  forms  than  either  of  the  other  specimens  from  the  neigh- 
borhood of  the  Sonth  Saskatchewan.  Aboat  half  a  dozen  speci- 
mens of  Foraminifera  were  recognized  in  the  preparations,  one 
being  probably  a  small  DiseorUna,  others  TextularuB,  and  broken 
chambeis  of  6lobigerin<B.  These  are  not  so  well  preserved  as  in 
some  of  the  other  clays,  and  in  some  cases  the  shell  itaelf  appears 
to  have  been  removed,  leaving  only  a  rongh  cast  in  calcite.  Ba- 
diolarians  are  here  (so  for  as  the  examination  of  a  small  quantity 
of  material  can  be  accepted  as  conclusive)  even  more  abundant 
than  Foraminlfera;  sphttrical,  oval  and  turbinate  forms  all  being 
represented,  and  in  some  cases  in  such  connection  with  fn^ments 
of  the  abnndant  shaly  material  as  to  leave  no  doubt  as  to  their 
common  origin  with  it.  Small,  partly-rounded  prisms  from  the 
shell  of  Inooeramus  are  also  present,  together  with  a  few  pieces  of 
straight  hollow  ^ceous  spicatte,  one  specimen  of  a  minutely 
granular  spine  orseta,  with  a  distinct  medullar  portion  like  some 
previously  noticed,  and  .026  m.  m.  in  diameter,  and  one  of  a 
portion  of  a  body  like  that  previously  referred  with  doubt  to  an 
Iiehinoderm  spine. 

In  inquiring  as  to  the  derivation  of  the  various  organic  bodies 
in  the  clays,  it  is  necessary  to  consider  the  situation  of  each  lo- 
cality with  reference  to  known  areas  of  the  older  rocks  from  the 
disintegration  of  which  they  may  have  come.  The  Sporangites 
80  abundant  in  the  Chicago  clays  have  been  definitely  traced  to 
the  shales  of  the  Devonian  age,  and  have  doubtless  been  brought 
to  their  present  position  from  outcrops  to  the  northwai'd  in  the 
Miciiigan  peninsula.  It  has  already  been  stated  that  the  bodies 
supposed  to  be  Annelid  Jaws  may  probably  have  been  derived 
ftoia  the  same  beds,  or  from  others  of  the  Devonian  or  Silurian 
rocks  of  this  part  of  the  couutry.  With  r^ard  to  the  remain- 
ing bodies  no  definite  statement  can  at  present  be  returned^ 
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though  there  is  every  reason  to  believe  that  they  might  very  well 
have  come  from  the  same  rocks. 

Id  the  clays  from  BloomJngton,  in  the  centre  of  the  state  of 
niinois,  Sporangites  are  again  the  most  characteristic  bodies, 
thoagh  mach  lees  nnmeroos  in  corresponileace  with  the  greater 
distance  from  the  shale  ootcrops.  A  few  other  objects  associated 
with  these  are  not  dissimilar  to  those  in  the  Chicago  clays. 

Meeker  county,  fromwhich  the  specimensof  Minnesota  boulder- 
day  were  derived,  is  in  the  sontbern  and  central  portion  of  the 
state,  and  is  underlaid,  according  to  Prof.  N.  H.  Winchell's  map, 
by  rocks  of  the  Cambo-Siturian  period.*  As  might  be  anticipated 
from  the  absence  of  Devonian  rocks  both  in  this  locality  and  the 
whole  region  to  the  north  and  northeast,  Sporangites  have  not 
been  observed  in  this  clay.  While  the  greater  part  at  least  of 
the  organisms  are  evidently  referable  to  the  Gretaceons  rocks, 
the  locality  lies  to  the  northeast  of  the  generally  recognized  edge 
of  that  formation.  Prof.  Wiuchell  has,  however,  proved  the  ex- 
istence of  a  nnmber  of  outliei'S  of  Cretaceous  beyond  the  main 
area  occupied  by  these  rocks,  and  it  is  probably  from  one  of 
these,  possibly  not  remote  from  the  aetual  position  of  the  clay, 
that  the  Poraminifera  and  Badiolarise  have  come. 

The  clay  from  Crete,  Saline  county,  Neb.,  is,  as  already  ob- 
served, so  rich  in  Cretaceous  forms  as  to  lead  to  the  belief  that 
it  is  largely  composed  of  the  debris  of  the  chalky  limestone  of 
the  Niobrara  sta^e,  and  may  rest  upon  or  lie  very  near  to  the 
outcrop  of  these  beds.  I  am  not  in  a  position  to  state  whether 
the  geology  of  the  district  bears  out  this  conclusion.  The  map 
shows  at  leafit  that  Gretaceoos  rocks  underlie  this  part  of  the 
state. 

The  material  from  Bosenfeld,  Manitoba,  shows  a  smaller  num- 
ber of  forms,  but  these  are  equally  characteristic  of  the  Niobrara 
stage,  the  outcrop  of  which,  though  concealed  by  allavial  and 
other  deposits,  can  not  be  many  miles  west  of  the  position  of  the 
well,  and  also  runs  northward  along  the  base  of  the  Pembina 
escarpment,  having  been  recognized  at  a  point  about  fifty  miles 
northwest  of  Bosenfeld  on  the  Boyne  river.  ("Geology  and 
Resources  of  the  49th  Parallel,"  p.  78.)  As  there  is  little  proba- 
bility of  the  existence  of  any  Cretaceous  rocks  directly  north  or 
to  the  northeastward  of  this  place,  the  occurrence  of  Cretaceous 

•  Dr.  Sbwhd  ben  li  illghtl^  Id  error  u  to  Iha  rocki  underlying  Ueiker  coantT.  Bo  ttin 
known  tbej  ire  the  crjiUUline  rocki  ol  Ibe  ArobKui,  piob&blr  oicrUlo  bj  tha  ihilw  of  Ibe 


.vGoogIc 


STATE  OEOIXKilsr.  161 

Foraminifera  wonid  tend  bo  ehov  that  material  derived  from  the 
northweBt  had  been  incorporated  vith  the  bonlder-clay  of  this 
dirtrict. 

The  three  localities  near  the  Sonth  Saskatchewan  may  be 
treated  of  together  in  bo  for  as  the  origin  of  their  organic  con- 
sCitaents  is  concerned.  The  general  movement  of  the  material 
composiiig  the  glacial  deposits  of  the  northern  plains  in  a  south- 
westerly direction  has  already  been  demonstrated  (see  "  Qnarterly 
Journal  of  the  Geological  Society,  1875,"  p.  B06;  "Beport  of  pro- 
gress of  the  geological  snrvey  of  Canada,  1882-1,"  p.  139)  and  it 
would  appear  that  the  Cretaceous  Foraminifera  most  also  have 
been  carried  from  the  vicinity  of  the  eastern  Cretaceous  outcrops 
at  a  great  distance.  It  is  true  that  the  cla]rs  here  rest  on  Creta- 
ceous beds,  but  these  are  not  as  a  rule  calcareous,  or  such  as  to 
yield  Foraminifera  in  the  state  of  preservation  of  these  found  in 
the  clays.  The  N'iobrara  limestones  are  not  only  unknown  in 
the  entire  district  trom  which  the  clays  oome,  but  their  place 
appears  to  be  taken  in  this  r^on  by  the  Belly  river  beds,wbidi 
are  arenaceous  and  argillaceous.  Other  oi^anic  fragments  pres- 
ent in  these  clays  may  veil  have  been  derived  from  the  Creta- 
ceous or  Lamarie  beds  of  the  immediate  neighborhood. 

In  reviewing  the  general  bearings  of  the  microscopical  exami- 
nation of  these  boulder-olays,  representing  as  they  do  a  few 
points  only,  scattered  over  a  wide  area  in  the  central  portion  of 
the  continent,  it  would  be  unwise  to  endeavor  to  draw  any  very 
definite  or  too  general  conclusions.  The  field  appears  to  be  a 
promising  one  for  future  inquiry,  and  the  present  paper  can  be 
regarded  only  as  in  the  restricted  sense,  preliminary.  It  would 
appear,  however,  that  of  all  the  organic  bodies  met  with  none 
can  be  assigned  with  certainty  to  the  glacial  period  or  era  of 
deposition  of  the  bonlder-clay  itself.  The  origin  of  most  can  be 
traced  unequivocally  to  the  older  rocks,  from  which  they  have 
been  derived,  and  Incorporated  with  the  bonlder-claya.  Of  all 
the  bodies  enumerated  the  only  ones  which,  on  aeconnt  of  their 
presence  in  clays,  holding  otherwise  difiiereut  sets  of  forms,  may 
possibly  be  of  contemporaneous  origin  with  them,  are  siliceous 
sponge  (1)  apieules  and  the  pecoliar  spines  or  setie  several  times 
referred  to  in  the  Ibregoing.  To  these  may  be  possibly  added 
the  ABtracoda  from  the  Chicago  clay.  While  it  is  therefore 
probable  that  the  examination  of  these  organic  fragments  will 
serve  to  throw  additional  light  on  the  direction  of  transport  of 
material  during  the  Glacial  period  —  a  point  of  particular  value 
21 
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over  the  wide  area  of  the  plains,  where  ttie  soft  character  of  the 
rock  precludes  the  test  of  dlreetion  of  striation  —  it  has  bo  far 
failed  to  afford  any  certain  information  as  bo  the  actual  contti- 
tiouB  prevailing  daring  that  period.  The  negative  evidence, 
reinforced  by  the  fact  that  derived  bodies  have  been  perfectly 
preserved,  bo  fkr  as  it  goes,  leads  to  a  belief  in  the  great  scarcity 
of  contemporary  life.  The  occurrence  of  inter-glacial  peats  and 
the  induration  of  wood  and  other  vegetable  matters  in  the  boul- 
der-clays of  a  number  of  widely  separated  localities  in  the  west 
(see  "Vegetable  remains  in  drift  deposits  of  the  Northwest,"  by 
Prof.  N.  H.  Winchell,  Proc.  A.  A.  S.,  1875;  "Report  of  Prog- 
ress of  the  Geological  survey  of  Canada,  1882-4,"  p.  144)  prove, 
however,  that  life  was  not  constantly  absent,  and  it  may  there- 
fore reasonably  be  anticipated  that  further  search  will  event- 
ually lead  to  the  definition  in  the  clays  of  at  least  such  contem- 
porary organisms  as  may  have  been  derived  from  these 
inter-glacial  depoBits,  and  possibly  of  others  strictly  contempo- 
raneous with  the  boulder-days  themselves.  The  well-rounded 
character  of  a  considerable  proportion  of  the  sand  in  some  of  the 
specimens  points  to  prolonged  water  action,  but  there  is  no 
moans  of  deciding  to  what  extent  in  each  case  previoQsly 
rounded  sand  grains  have  been  included  in  the  clays.  The  com- 
paratively unworn  appearance  of  the  majority  of  the  Foramini- 
fera  and  other  delicate  objects,  on  the  contrary,  indicate  rather 
tranquil  conditions  of  deposit,  ajid  n^atives  the  occurrence  in 
the  case  of  these  materials  of  any  extensive  differential  motion 
in  the  substance  of  the  clay  itself,  which  would  infollibly  have 
destroyed  these  very  fragile  organisms.  Mr.  Hugh  Miller,  in  a 
carefully  marked  out  paper  on  "  Boulder  glaciation  "  ("Eoyal 
physical  society,  Edinburgh,"  vol.  viii,  p.  167),  describes  a 
fluxion  structure  in  the  Scottish  till  or  boulder-clay,  and  notes 
instances  of  sand  grains  so  shaped  and  striated  as  to  represent 
microscopic  glaciated  boulders  which  he  conceives  to  have  been 
"slidden  along  and  glaciated  in  these  places  in  the  clay."  Ko 
confirmation  of  this  observation  is  horded  by  these  clays. 
Though  many  gi-ains  of  an  elongated  shape  show  what  might  at 
first  be  taken  for  such  strintiou,  it  is  apparent  in  almost  every 
case  on  close  examination  that  the  lines  are  really  structural  and 
that  the  shape  of  the  grains  is  here,  as  in  ordinary  sands,  gov- 
erned to  a  great  extent  by  the  pre-existing  cleavage  or  jointage 
planes  of  the  material  of  which  they  are  composed. 
The  microscopical  examination  of  these  boalder-clays  bears 
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oat  the  ooQclnsioQ  arrived  at  from  their  microBcopic  clLaraiCter, 
that,  while  largely  composed  of  far-traveled  material,  they  in- 
variaUy  coataiu  a  oooBiderable  proportion  of  material  of  local, 
or  proximately  local,  origin. 


^ 


OrsaniamB  Ihrni  ihc  Chicago  boulder-cl^v 
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ON  THE  FORAMINIFERA  OF  THE  BOULDER-OLAY, 

TAKEN  FROM  A  WELL-SHAFT  22  FEET  DEEP, 

MEEKER  COUNTY,  CENTRAL  MINNESOTA. 


BY   A.  WOODWARD  AND  B.  W.  THOMAS.      (JULY  1,  1885.) 

[Note. — In  the  conne  of  Hr.  Thomu'  iuvMtigatioB  of  tbe  rbisocarpa  of  the 
D«votii«i  ahales  found  in  the  ChlOKo  boaldei-claj,  seTcrkl  jean  ago,  he  made 
K  leqneet  for  SHnples  of  bonlder-cUy  troia  Mlmiraatk,  for  oompwlaon.  About 
tbftttinieHr.  Diduoii,  livingafew  mlleeBOiithwest  from  Litchfield, in  Meeker 
oonntjf  I  who  wan  dnking  a  common  wall  for  domestic  pmpMea,  on  bla  fitrm, 
had  found  nnmeroiu  fragments  of  Cretaceona  lignite  in  ths  bine  till  into  which 
Iw  waa  rinking;  hia  well.  Theae  piccce  attracted  attention,  in  the  pnblic  piMH, 
■s  indicatioDS  of  "  coal."  Thereopon  Hr.  Dickson,  throngb  tbe  agency  of  At- 
tconeyJ.  N.  CroH,  of  Hinneapolis,  sent  me  a  lot  of  it,  accompanied  by  a  &ir  Run- 
ple  of  the  bonlder-cla;  itself.  This  boo Ider-claj  contained  not  only  other  piecea 
of  lignite,  but  many  bits  of  ahale  such  aa  baa  been  referred  to  tbe  Cretaccooa 
formation  wheiever  seen  in  similar  drcDmstancea  anywhere  In  the  state.  These 
were  sent  to  Ur.  Thomas.  BnbBeqoently  mnch  more  shale  was  obtained  at  tlie 
same  place  and  forwarded  to  Ur.  Iliomas.  The  micniaoapic  fossllB  that  Hr. 
Thomas  has  thns  brought  to  light,  and  which  are  described,  named  and  illos- 
trated  In  the  following  paper  by  Messrs.  Woodward  and  Thomas,  are  therefore 
fossila  of  the  Cretaceous  formation,  and  are  not  indigenous  to  tbe  bonlder-clay 
itself.  Tbe  paper  might  be  entitled,  correctly.  The  foraminifera  nf  On  Creta- 
MOM,  since  these  bits  of  idiale  can  be  referred,  without  any  doubt,  to  the  Cre- 
taoeoua,  which  ia  known  to  underlie  large  areas  of  tbe  till  in  that  part  of  the 
stat«,  and  since  similar  foasilB  have  been  found  in  theCretaceoos  shales,  t'n  site, 
by  Dr.  G.  M.  Dawson,  in  the  escarpment  of  Pembina  mountain,  in  Manitoba, 
(Cbntultim  ^afurnlurf,  new  aeriee,  vol.  vli,  p.  262J.  Still  later  a  quantity  of 
Cretaceous  shals,  mnch  more  calcareous,  and  referable  to  theifibbram,  of  Heek 
&  Hayden,  was  obtained  at  Redstone,  New  Ulm,  through  Mr.  B.  Jnni,  and 
sent  to  Mr.  Thomas  for  a  similar  examination. 

Thtongh  tbe  intelligent  co-operation  and  zeal  of  Mr.  Thomas,  united  with 
the  labor  and  skill  of  Mr.  Woodward,  in  examining  and  illustrating  these  ob- 
jects, an  entirely  t  ew  field  of  reseiurcb  ia  openrd  op  to  the  geolo^ts  of  Minite- 
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•otB.  Hr.  Thomae  has  monnted  »11  th«ee  obgects  for  micrascopic  Btnd;,  »nd 
bag  marked  moat  of  the  forms  on  the  slides  with  Ualtnood  nnmbero,  Knd  Mr. 
Woodnard  has  drawn  np  the  paper,  which  aete  forth  the  resnlt  of  tbeir  joint 
labor.  It  is  to  be  hoped  that  this  field  ma;  be  fnrthsT  searched,  and  that  a 
ftall  account  may  finally  be  given  of  the  entire  microaoopic  fonna  of  the  Creta- 
ceoua. — N.  H.  'Wiijchkll.] 


The  main  object  of  this  paper  is  simply  to  give  some  idea  of 
the  yarious  forma  of  foraminifera  to  be  foand  in  the  bonlder-clayB 
of  MinneBota.  We  do  not  pretend  that  it  is  by  any  means  a 
monograph  or  a  perfect  and  complete  paper,  for  ve  think  from 
vhat  observations  we  have  made,  and  the  number  of  species 
found  from  comparatively  one  or  two  localities,  that  a  much  fail- 
er  and  more  extensive  paper  coald  be  written.  Bnt  it  cannot 
be  done  in  a  limited  time,  and  it  will  require  material  from  a 
great  many  localities,  and  several  years  of  labor. 

As  it  is  ve  have  been  very  sacceasfnl,  far  beyond  oar  expecta- 
tions, considering  the  small  amount  of  material  at  hand,  from 
which  ve  have  prepared  a  lai^  number  of  slides,  selecting  about 
eighty  for  this  investigation,  and  by  using  a  one-fifth  objective 
we  have  identified  the  following  speciee: 

Textularia  globulosa,  Ebrenberg.    Common. 

T —  agglntinans,  d'Orbigny.     Xot  common. 

T —  turns,  d'Orbigny.     Bare. 

Spiroplecta  Americana,  Ehrenberg.    Rare. 

Qandryina  pupoide^  d'Orbigny.     Qnite  rare. 

Bnlimina  pnpoides,  d'Orbigny.     Bare. 

Bolivina  punctata,  d'Orbigny.     Bare. 

Uvigeriua  canariensis,  d'Orbigny.     Bare. 

Olobigerina  buUoides,  d'Orbigny.    Quite  rare. 

G —  cretacea,  d'Orbigny.    Common. 

G  —  marginata,  Benea.    Qnite  rare. 

lAgena  favoso-pnnctata,  Brady.     Common. 

Orbnlina  uni versa,  d'Orbigny.    Very  common. 

Opercnlina  complauata,  Def^^uice,  sp.     Bare. 

O —  complanata,  var. 

grannlosa,  Leymerie.    Bare. 

The  material  washed  from  the  bonlder-clayB  is  at  least  9fi  per 
cent  saud,  and  the  sheUs  being  in  most  cases  filled  solid  with 
foreign  matter,  generally  c^cit«,  caunot  be  separated  from  it  by 
drying,  and  scattering  over  distilled  water,  as  we  do  recent  fo- 
raminifera.     Confieqnently  it  requires  much  work,  time  and 
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pfttieDce  to  secure  a  tew  good  specimens  o(  these  interesting  fos- 
sils. 

These  we  have  endeavored  to  figure  and  describe,  giving  the 
synonyms,  and  when  possible  using  the  original  descriptions. 

Sab-Kingdom  PEOTOZOA. 

Class  KHIZOPODA. 

Order  Beticulatia. 
(Formninifara.) 

Snb-Family  I. — textularin^;. 

Textulabia,  Defrance. 

Textalarla  slobnlosa,  Ehrenberg. 

(PUtelll,  fl^  1-5.) 

Ttxtularia  ^obnlom,  Bhkbmbbro.  Abbaud.  Akad.  B«r1in.  {1B38]  1839.  pi.  iv. 
Textularia  globuiota,  DAWSON,  1674.     Qui.  NaL  vol.  Tii,  p.  353,  Bg.  a. 
Tertularia  gtotmioaa,  acHAKDT,  16S4.     EtadM  G«ol.  Bar.  le  Payi— D'Enbaat. 
Boll,  Soc,  Valid.,  Tol.  II,  p.  74. 

"T. — fflobvlosa,  testnla  microsoopica  snperficie  Isevi,  in  adnlta 
longiore  qnam  lata,  articnlis  globosis."  (Ehreuberg.  (1838)  Ab- 
hand.  Akad.  Berlin, p.  136.) 

T. — ffMmlosa,  miorosoopic  test  with  a  smooth  surface,  adnlt 
forms  longer  than  wide,  with  spherical  or  globular  chambers. 

Locality.    Meeker  county,  Minn. 

The  speciefi  being  generally  distribnted  thronghont  the  west. 
Is  quite  common  in  the  bonlder-clays  of  central  Minnesota,  also 
in  the  Cretaceous  of  Nebraska  and  Dakota. 
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Textnlorla  as^lntlnanst  d'Orbigay. 

(Plate  III,  flgB.  0,  7.) 

Textularia  aggl«litum»,  d'orbignt,  1S39,  Fonm.  Cuba,  p.  144,  pi.  i,  flp.  17, 

18,  32-34. 
Ttaii^aria  agglnliiuiitt,  8EOVENZA  1B82,  Atti  dell'  Accad.  GUenlft,  vol.  z*lii, 

(Mr.  2],  p.  112,  pi.  ii.  Sg.  4. 
PleeaniitM  eliiri,  KABKKB,  1864,  Sitzuagsli    d.   k.  Ak.  WiM.  Wien,  vol.  1,  p. 

704,  pi.  i,  fig.  1. 
TeittUaria  aggltitinant,  pakkbb  and  jokix,  1866,  Phil.  Trans.,  vol.  dv,  p. 

369,  pi.  ST,  fig.  21. 
Plecaaium  <tggl>iHnan»,   KBims,  1H69,  Sitzangsb.  d.  k.  Ak.  Wias.  Wien,  Tol. 

lix,  p.  462,  pi.  i.  figs.  1,  2. 
TKetilaria  aggMiii«ta»,   MOKBIua,   1880,  Fonm.  von  Haurititu,  p.  93,  pi.  ix, 

flgB.  l-«. 
Tej^itlaria  aggluHnaia,  BKADY,  I8B4,  Report  Foram.  H.    M.  8.  Challenger. 

Zool.,  Tol.  is,  p.  363,  pi.  xliii,  flgi.  1-3,  i-ais.  flgs. 

4,  12. 

Textuiaria.  TeBta  eloo^to-coaica,  ragoso-agglatinate,  alba, 
lateraliter  convexiuscula^  postice  caneata;  loculis  largis,  ultimis 
convexis;  apertura  semi-lunari.  d'Orbigny  (Foram.  Cuba,  p. 
144). 

Test  elongate,  conical,  rngose,  agglutlnona  (from  grains  of 
sand)  white,  laterally  convex,  posteriorly  caneat«,  s^meots 
large,  the  last  convex,  apertnre  semi  Innate. 

Locality,  Meeker  county,  Minn. 

Xextnlaiia  tnnis,  d'Orbigny. 

[Plate  III.  fig.  8.) 

TexUUtO'ia  f«m'«,  d'OBBiOKY,  1840,  Mem.  Soc.  Oeol.  Fraoce,  vol.  ir,  p.  46,  pi. 

iv,  figa.  27,  28. 
TecbUaria  lurrig,  PABkeb  and  losss,  1863,  Ann.,  and  Mag.  Nat.  Hlat.,  ser.  3, 

vol.  xl,  p.  97. 
TeOmaritt  turrit,  bradv.  1884,  Report  on  Foram.  H.  H.  8.  Challenger.  Zool., 

vol.  Ix,  p.  360,  pi.  xliT,  fig*.  4,  5. 

"  Textulaiia  turrig  is  roand  in  transverse  section,  elongate,  and 
tapering.  It  differs  from  Textularia  trochus  chiefly  in  its  greater 
proportionat«  length  and  ita  roogher  exterior,  as  well  as  in  its 
freqnent  irregularity  of  contour."     Brady  (loc.  cit). 

Ijocality,  Meeker  connty,  Minn. 

We  have  been  able  so  far  to  find  bat  one  specimen,  while  it 
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appears  to  be  comparatively  common  in  the  Cretaceotie  beds  of 
France,  Bohemia,  England  and  Ireland. 

Bpikoplecta,  Ehrenberg. 

Splroplecta  ameiicana,  Ehrenberg. 

{Plate  III,  fig.  9.) 

Spin^lecla  amerieana,  EHRBK.,  1854,  Mikn^fMilgie,  pi.  Jixxii,  I.  figs.  13,  14; 

II.  6g.  25, 
^■trairfnta  amerieana,  BRADY,  1884,  Report  on  Foram.  H.  M.  S.  CluJlenger. 

Zool.,  vol  ix.  p.  376,  pl.xlT,  fig.  34,  a.  b. 

"The  test  is  usaally  mach  compressed,  and  widens  rapidly 
towards  the  distal  end;  the  lateral  edges  are  thin  and  slightly 
lobulated,  the  chambers  somewhat  inflated,  and  the  septal  lines 
correspondingly  depressed  on  the  exterior;  the  walls  are  thin 
and  smooth."     Brady  (loc.  cit). 

Locality,  Meeker  county,  Minn. 

This  species  does  not  seem  to  be  very  widely  distribnted. 

The  specimens  figured  by  Ehrenberg  were  from  the  Cretaceous 
beds  of  Missouri  and  Mississippi.* 

Gaudbtina,  d'Orbiguy. 

Gandryina  pnpoldes,  d'Orbiguy. 

(Plate  in,  flg.  10.) 

Qaudrglna  pHpoida,  d'okbigny,  1840,  Hem.  Soc  Geol.  France,   vol.  iv,  p. 

44,  pi.  iv,  flgB.  22-24. 
,    Gandryina  pupoidet.  Id.,  1846,  Foram.  Fon.  Vien.,  p.  197, pi.  xzi,  Bga.  34-36. 
Gaudiyina  tiOglabra,  OUUBBL,  1668,  Abh.  6.  k.  bayer.  Akad.  Win.,  TI.  cl., 

vol.  z,  p.  602,  pl.  i,  fifl.  4. 
Oavdrgina  pupoidea,  bbauy,  1684.     Beport  od  Foram.  H.  H.  8.  Cballengec. 

Zool.,  vol.  ix,  p.  378,  pl.  xlvi,  figs.  1-4. 

"Gandryina  pupoides  is  an  easily  recognised  species.  Its  dimorph- 
ous mode  of  growth  is  generally  very  apparent,  and  its  variabil- 
ity is  limited  to  such  features  as  the  number  of  segments,  the 
relative  length  and  breadth  of  the  test,  and  the  degree  of  lateral 
compression.  In  recent  shells  the  walls  are  thin  and  calcareous, 
smooth  externally,  and  almost  invariably  of  a  greyish  hue;  fossil 
specimens  sometimes  exhibit  a  slightly  rough  exterior.     In  form 

'BnAy,    Btpan  mihs  P>>ral^^iK^ftra,  H.  If.  3.  CkaUtngtr,  p.  Ki. 
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and  position  the  apertare  resembles  that  of  the  typical  Texttdfirke, 
bat  it  is  often  sarronnded  by  a  raised  lip  or  borden."  Brady 
(loa  cit.). 

Locality,  Meeker  county,  Minn. 

Bnllmlna  pnpoldea,  d'Oibigny. 

(PUie  III,  flg.  II.) 

BuHmiita  pupoidtt,  D'OBBieNY,  1846,  For.  Fow.  Vien.,  p.  185,  pL  xi,   flgt. 
U,  12. 

BitUKina  pupoidu,  wiLLiAHSON,  1856,  R«c.  For.  Gt  Br.,  p.  .63,  pi.  t,  flgi. 

124,  126. 
BiUimiiui  preali,  nor.  pupoSdet,  PABKBB  and  JONE8,  1863,  Introd.  Foram. 

Appandiz,  p.  311. 
Aitltnina  pwpoulM,  TBBBiai,  I860,'  Atti  dell' Accad.  Pont.,  aon.  zxxili,  p- 

193,  pi.  ii,  figa.  30-34. 
BitUmliM  pupoidet,  bbady,  1884,  Beport  on  Fotmil.,  H.  M.  S.  duUenger. 

Zoo).,  lOl.  ix,  pp.  400,  401,  pi.  I,  fig.  15,  ».  b. 

Shell  oblong ;  obtuse,  especially  at  the  inferior  lateral  sarface; 
composed  of  nnmeroos  segments,  arranged  in  an  indistinct  spir^, 
and  exhibiting  s  tendency  to  form  three  obliqne  vertical  rows; 
s^ments  remarkably  ventricose  and  prominent;  the  anterior 
one  usually  more  oblong  than  the  rest,  from  its  anterior  part  not 
being  embraced,  as  all  the  preceding  ones,  by  the  next  s^ment. 
Septal  plane  convex;  semilnnar.  Septal  orifice  single,  placed 
near  the  umbilical  border  of  the  septal  plane,  and  osoally  char- 
acterized by  a  cnrions  obliquity  at  its  inner  part,  owing  to  the 
two  lips  of  the  orifice  not  meeting  at  their  nmbilical  extremities, 
but  passing  one  behind  the  other.  Texture  hyaline;  transpar- 
ent; when  examined,  after  being  mounted  in  Canada  halsam, 
through  a  high  power,  it  is  seen  to  be  perforated  by  innumerable 
minute  foramina.  WilMamson'sSecentForaminifera  Gt.,Br.  p.  62. 

Locality,  Meeker  county,  Minn. 

Sub-Family  2. —  BUUMiNLa:. 

BOLiYTNA,  d'Orbigny. 

BoUvlna  punctata,  d'Orbigny. 

(Plate  III,  flg.  13.) 

BelMita  punctata,   n'OBBIOKY,  1839,  Fomm.  Amer.   Merid.,  p.  61,  pi.  viii, 
flgs.  10-12. 
22 
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Bolivma  anUqua,  Id,,  1846,  Foram.  Fo-s.  Vien.,  p.  240,  pi.  ii»,  figs.  11-13. 
GramBiotUmmm  pols«lig»»t,  EHREKBKBU,  1854,  Mikrogeologie,  pi.  lix,  fig.  B4. 
(rramaumtovmrn  ealogloMO,  EHRBKBeBO,  Ibid.  pi.  xxt,  figs.  17,  IS. 
Bolivina pitntUtia,  bbady,  1S64,  Tran«.  Linn.  Soc.  Load.,  vol.  iii*,  p.  468, 

pl.  ilviii,  fig.  9,  a,  b. 
£tiltniiiia  pretK,  wr,  (Bolivina)  punctata,  pabksb   and   JONES,   1865,   Phil. 

Tnns.,  vol.  civ,  p.  37S,  pl.  iviii,  fig.  74, 
Bolirina  d<mgeta,  HAKTKA,  J8T5,  Mittheil.  Jahrb.  d.  k.  Dug.  geol.  Anatalt, 

vol.  iv,  p.  65,  pl.  vii,  fig.  14. 
AofiHiHt  oRlijtui,  TEBRIOI,  1680,  Atti  dell'  Acad.  Pont.,  ana.  xxxiii,  p.  196, 

pl.  ii,  fig.  40. 
BUivina  pundKUa,  HOBBIua,  16M,  Foram  von  HanritiiiB,  p.  &4,  pl.   ii,  flge. 

9,  10. 
RelMna  pmtetaia,  BBADY,  1884,  Report  on  Foram.  H.H.S.  Challenger.  Zool., 

vol.  ix,  p.  417,  pl.  lii,  figs.  18, 19. 

B.  testa  eloDgata,  compreasa,  conica,  antioe  obtnsa,  postice 
acaminatea,  alba,  panctata,  lateralit«r  Bnbcariaata;  looulis  na- 
merosis,  obliqais,  undalatis,  altimo  obtnso;  apertara  simpUei. 
D'Oi-biguy  (Poram,  Amer.  Mend.,  p.  63). 

Test  elongated,  compressed,  conical,  obtose,  anteriorly,  acmn- 
iuated  posteriorly,  wliite,  punctate,  Bob-cariuate  on  sides,  with 
numerous  oblique  undulate  segments,  the  last  obtuse,  aperture 
simple. 

Locality,  Meeker  county,  Minn. 

Sub-Family  1. —  lagemn.£. 

Laoena,  Walker  and  Boys. 

J^ag.ena  favosa-punctata,  Brady. 

[Plate  IV,  flgs.  32,  33,  34,  38.) 

LagenafaToto-punrtala,  RRADY,  1S81,  Quart.  Jonm,  Mic.  Sci.,  vol.  xsi,  N,  S. 

p.  62. 
Lagma  favogo-paHCi'ita,  BBADY,  1884,  Report  on  Foram.  H.  M.  S.Challenger. 

7.00I.,  vol.  ix,  pl.  Iviii,  fig.  35,  pl.  lix,  fig.  4.  pl.  Ixi, 

fig.  2. 

"Teat  ecto-or  ento-solenian,  shape  variable;  suriice  ai-eolated 
or  reticulated,  witk  a  conspicuous  orifice  or  pei-foration  In  the 
middle  of  each  area  or  depression.  Length  iSth  inch  (0.34 
mm.)  or  leas."     Brady  (loc.  cit.) 

Locality,  Meeker  county,  Minn. 
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Sub- Family  3. — poltmohphisin^. 
TIviOERiKA,  d'Orbigny. 
Vvlserina  canariensls,  d'Orbigny. 

{Plate  TV,  fig.  37.) 

"  Tista-pineiftrmea  minuKulx,"   boldaki,  1788,  Teetaceograpliia,  vol.  ii,  p. 

18,  pi.  iv,  flgs.  E,  F,  G,  H. 
Uvtferina   nodoM,  var.   B,  d'orbiony,  1826,  Ann   Sci,  Nat.,  vol.  vii,  p.  369, 

No.  3. 
Uvigfnna  canaHentis,  Id.  1639,  Foram.  Canaries,  p.  138,  pi.  i,  flgB.  25-27. 
Uvigerina  vinvla,   d'OBBIQNY,  184S,   For.   Foe*.  Ti«u.,  p.  189,  pi.  zi,  figi. 

21,  22. 
UvigtrxHa  irrrgvlarii,  bbasy.  1605,  Nat.  Hiat.  Tiana.  Nortbd.  and  Dnrham, 

vol.  i,  p.  100,  pi.  xii,  fig.  6. 
Uvtgerina  probcteidea,  ECBWAaBB,  1666,  Nuvarft-Exped.,  geol.  Tbeil.  vol.  p. 

250,  pi.  vii,  ag.  96. 
Urigerina /arinMa,  HAKTKEK,  16T5,  Mi  tbeil.  Jabib.  d.  k.  ung.  geol-  Anatalb 

vol.  iv,  p.  62,  pi.  vii,  fig.  6. 
IMgenna  eauariauu,  BBAnv,  1864.     Reporton  Forato.  H.  M,  S.  Cballeuger- 

Zool.,  vol.  li,  p.  573,  pi.  Ixxiv,  fl^  1-3. 

U.  testa  obloDgO'CODlca,  pnncteta,  albida;  spirs  eonica,  an- 
fractibus  qniDis  minime  convexiB;  loculis  convexis,  perqaamqxie 
Bpiram  trinis;  apertnra  rotunda;  siplioiie  brevi.  d'Orbigny. 
(Foraminifera  Canaries,  p.  138.) 

Test  obloDg  conical,  punctate,  whitish  with  a  conical  spire  of 
five  whorls  slightly  convex,  segments  convex,  three  to  each  whori 
of  the  spire,  apertnre  ronnd,  siphon  short. 

Locality,  Meeker  coanty,  Minn. 

GLOBIGERINID.^:. 

Globigfjiina,  d'Orbigny. 

Globlserina  cretacea,  d'Orbigny. 

(Plate  III,  figs.  14-16.    It,  fig.  19.) 

OlMferina  artlaeea,  D'OBBIOSY,  1640,  Mem  Soc  Geol.  France,  vol.  iv,  p.  34, 

pi.  iii,  flgH  12-14, 
Qlobigerina  fmxolala  (pan),  EHBEHBEBO.  1854.     Mikrogeolugie,  pi.  zxfv,  fig. 

4S. 
Olobigfrina  Hbani,  bhbenbbBu,  Ibid.,  pi.  xiv,  fig.  30. 
Flaiwliiia paehj/derma.  Id,,  Ibid.,  pi.  xxv,  fig.  31. 
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r,  Id.,  Ibid.,  pi.  uiv,  flg.  41. 
Sotalia  a^era.   Id.,  Ibid.,  pi.  xiTii.  igi.  57,  58,  pi.  UTiii,  fig.  42,  pi.  xxzi, 

flg.  44. 
BataliaglBfiitioia,I±,   Ibid.,  pi.   uvii,  flg.  SO,   pi.   xxriii,  figs.   40,41,   pi. 

iizi,  fl^.  40,  41,  43. 
Botalia  daua.  Id.,  Ibid.,  pi.  xxvii,  flff.  03. 

Botalia  quaienui,  Id.,  Ibid.,  pi.  xxvii,  fig.  63,  pi.  izviii,  flg.  34. 
SoUilia  ro»a.  Id.,  Ibid.,  pi,  zxTii,  fig.  54. 
Botalia  paiA]/ojn]JuiIa,  Id.,  Ibid.,  pi.  xxvil,  flg.  66. 
BoktUatracheoletraa,  Id.,  Iliid.,  pi.  izVii,  flg.  36. 
Botalia  perforata.  Id.,  Ibid.,  pi.  zzviil,  flg.  36,  pi.  ziix,  flg.  3. 
Botalia protaantea,  Id.,  Ibid.,  pi.  ziTiii,  fig  37. 

Botalia  Uaa,  Id.,  Ibid.,  pi.  xiviii,  fig  38,  pi.  iziz,  flg.  1,  pi.  zxzi,  fig  42. 
Botalia  cenlralix.  Id.,  Ibid.,  pi.  zxviii,  flg  39. 
Qtobigerina  erOaeea,  BRADY,  1879.      Quart  Jonni.  Micr.  Sd.,  Tol.  lii,  N.  8., 

p.  285. 
Olebigerina  cretaeea,  BRADY,  1881.     lUport  od  Ponun.  U.  M.  8.  Challenger. 

Zool.,  vol.  ix,  p.  596,  pi.  lixxii.    Foasi]  specimeu,  fig. 

11,  a -c 

"Test  rotalifonn,  mucli  compressed;  superior  foce flattened  or 
only  sliglitly  convex,  inferior  side  depressed  towards  the  centre 
and  excaTated  at  the  ambilicos,  periphery  obtuse  and  lobulated; 
coinjKised  of  aboat  three  tolerably  distinct  coBVolations,  the  oater 
mostconaisttng  of  from  fire  to8evensegnieats;8^iiients  relatively 
suLall,  sabglobnlar;  apertares  opening  into  an  nmbilieal  vesti- 
bnle.    Diameter,  ^th  inch  (0.5  mm.)"    Brady  (loc.  cit.) 

Locality,  Meeker  county,  Minn. 

This  species  is  very  abandant  in  the  boalder-claya  of  Minne- 
sota, bnt  the  specimens  we  examined  were  qaite  fragmentary; 
perfect  examples  rare, 

Globifferlna  boUoldes,  d'Orbigny. 

(Plate  III,  fig.  13.J 

"  PoUfmorpha  Titi>erooael  Otobulifera,''  soldani,  17fll,   TeaUoeognphia,  vol. 

1,  pt.  2,  p.  117,  pi.  cuiii,  figa.  H,  I,  0,  P. 
Tata  tubenMS,  etc.,  Id.,  1798.     Ibid.,  vol.  ii,  p.  20,  pi.  vi,  figB.  dd.,  ee. 
CRobigerina  tmUmda,  d'Obbiony,    1826,  Ann.  Sci.  Nat.,  vol.  vii,  p.  377,  Ho. 

1.— Modelee,  No.  17  (^oimg),  and  No.  76. 
OlobigtriiM  biUUndet,  Id.,  1839,  Fomm.  Amer.  Uerid.,  p.  37. 
GlobigeriTta  butloides.  Id.,  1839,  Poram.  Canariee,  p.  132,  pi.  if,  flgi  1-3,  S8. 
OUMgerina  hiraaia,  Id.,  Ibid.,  p.  133,  pi.  ii,  figs.  4-0. 
eiabigtrina  siphomfera.  Id.,  1839,  Foram.  Cnba,  p.  96,  pi.  iv,  fl^  15-18. 
Globigerina  bulloidai,  Id.,  1846,  Pot.  Foas.  Vien.,  p.  163.  pi.  iz,  fi^.  4-6. 
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Qlobigerina  i^neinna,  bkuss,  1849,  Dcakacbr.  d.  k.  Akad.,  Wies.  Wien.,  yoI. 

i,  p.  373,  pi.  zlvii,  fig.  8. 
Qlobigerina  diplotUMia,  Id.,  Ibid.,  p.  373,  pi.  zMi,  &gfi.  9,  10. 
OMigerina  depretta,  kbsekbkbo,  1854,  Mikrogeologie,  pi.  xix,  &g.  02. 
Olobtgerinafiiveolaia  (pftra),  Id.,  Ibid.,  pi.  zxii,  fig.  74. 
OfoM^n-ina  ereta,  eubbnbkbq,  1854,  MikroKeologie,  pi.  xxvi.,  fig.  44;  — pi. 

OlMgtrina  lUlUUa,  Id..  Ibid.,  pi.  zivi,  fig.  45. 

Qlobigerina  lenata,  kjibbkbkbg,  1854,  Mikrogeologie,  pi.  xxxt  B.,  Sffi.  5,  6. 

Planvfina  p»r«t«nM,  Id.,  1854,  Ibid.,  pi.  zi,  II.  fig.  16. 

FtaniUina  pertiaa.  Id.,  Ibid.,  pi.  ixli,  &%.  75. 

J^nu/ino  iti>Rii,  Id.,  Ibid.,  pi.  ixy,  fig.  29. 

£a(ajia  fWu,  Id.,  Ibid . ,  pi.  ziiv,  figs  36,  36. 

fioteKa  hplMpira,  Id.,  Ibid.,  pi.  xzir,  fig.  39. 

Boldtia  tenaria  (pars).  Id.,  Ibid.,  pi,  iiiv,  fig.  40. 

Ptj/gotlomumorphei,  Id.,  Ibid.,  pi.  izzv,  B,  figa.  1,  3. 

PhaiKrosUmum  aOantinim,  Id.,  Ibid.,  pi.  zzit,  B.,  fig^.  3,  4. 

Olobigerina  bvOoidet,  kublib  and  zuinoli,  1866,  Kei^aluablalt,  t.  d.  Bar- 

gvbib.  in  Winlerthnr,  pt.  2,  p.  22,  pi.  ili,  figs.  30,  31. 
Olobigerina  fammen*i'«,  Id.,  Ibid.,  p.  24,  pi.  iii,  fig.  26. 
GMigtrina  buUoidet,  gumbkl,  1868,  Abb.  d.  k.  bajer.  Akad.  d.  Wics.,  II. 

cl,  Tol.  X,  p.  esl,  pi.  li,  fig.  106. 
OMigerina  tdpigrna  (f).  Id.,  Ibid.,  p.  66],  pi.  U,  fig.  107. 
OlMgerina  eeaena.  Id.,  Ibid.,  p.  662,  pi.  ii,  fig.  100. 
iVannlfttti  Mauryana,  khkxkbxbo,  1873,  Abhandl.  d.  k.  Akad.  WiaB.  Berlin 

(1872),  p.  388,  pi.  iii,  fig.  1. 
Ptatmlina globigerina,  Id.,  Ibid.,  p.  388,  pi.  iii,  fig.  3. 
FUtnuHua  megalopentat,  Id,,  Ibid.,  p.  388,  pi.  iv,  fig.  7. 
Pylodexia platyletroM,  Id.,  Ibid.,  p.  3(8,  pi.  iii,  fig.  14. 
AriiUrotpira  ampAoJirfdrai,  Id.,  IMd.,  p.  388,  pi.  ill,  fig.  15. 
Qlobigerina  drtrita,  tebqueu,  1976,  Anlm.  aar  la  Plage  de  Daukeique,  ftac. 

i,  p.  31,  pi.  iv,  fig.  4,  a-c. 
OlMgema  btdtoidet,  txequeu,  1875,  Anim.  Bar  la  Plage  de  Donkarqne,  fiwc 

1,  p.  31,  pi.  iv,  fig.  5,  a.  b. 
Olobigrriita  ImUoidn,  BBAsv,  18T9,  Quart.  Jonm.  Mlcr.  Sci.,  rol.  ziz,II.  S., 

p.  71. 
Qlobigeruui  bkOoideg,  bbaDT,  1864,  Report  on  Foram.  H.   H.  S.  Challeniier. 
Zool.,  vol.  ii,  p.  593,  pi.  Izxix,  figs.  3-7. 

"Test  spiral,  subtrochoid;  snperior  foce  convex,  inferior  more 
or  less  convex  bnt  vith  deeply  sunken  anibilicns,  periphery 
rounded,  lobnlated;  adnit  specimens  composed  of  abont  seven 
globose  segments,  of  which  fonr  form  the  outer  convolution;  the 
apertures  of  the  Individual  chambers  opening  independently 
into  the  umbilical  vestibule.  Diameter,  sometimes  Ath  inch 
(0.63  mm.),  but  oAener  much  less."     Brady  (loc  cit). 

Locality,  Meeker  county,  Minn, 
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Globlgerina  marjElnataf  Beose. 

(PlatolV.  figs.  20  22.) 

BomUua  margituOa,  BEUSH,  1845,  Veratein.  bobm,  Krdd,  pt.  i,  p.  36,  pi.  xiii, 

flg.  47, 
Moiaiiaa  nuiTgituUa,  JOITBS,  1853,  Ana.  and  Mag.  Nat.   Hist.,  Mr.  2,  vol.  xii, 

p.  241,  pi.  ii,  flg.  7. 
Awoiina  marginata,  BKuae,  1S54,  DeokBchr.  d.  k.  Akod.   Wiaa.  Wien,  vol. 

Tii,  p.  69,  pi.  ixvi,  flg.  1.  * 

Difcorfri'na  mnryfiuila,  Id.,  1854,  8itznii({ab.  d.   k.  Akad.  Wiss,  Wien,  vol-  Ui, 

p.  12,  No.  2. 
OMngfriHa  margituUa,  PAKKBB  aod  JONES,  1665,  Phil.  Trani.,  to).  cIt,  p.367. 
BotaUa  nargituOit,  OUMBEL,  1870,  Siizangsb.  d.  k.  bajer.  Akad.  Wiss.,  vol. 

ii,  pp.  263,  287. 
CRebigerina  marginata,  BUESS,  1674,   Dm  Elbetbalgebl^e  in  Sacbseo,   V^ 

TheU,  p.  112.  No.  2. 
Qlobigerina  marginala,  BBADV,  1679,  Qnart.  Jonro.  Micr.  Sci.,  vol.  lix,  H. 

8.,  p.  74. 
OUbigerina  margiwtta,  BBADY,  18B4,  Report  on  Foism,  H.  M.  S.  Challenger. 

Zool.,  vol.  Iz,  p.  597,  wood  out,  flg.  17. 

"Test  rotaliform,  much  compressed;  Hnperior  (atx  convex,  in- 
ferior face  also  convex  bnt  with  a  ennken  ambilical  recess,  peri- 
pheral edge  thin  or  sabcarinate;  segments  nameroos,  five  or  six 
in  the  last  convolntion,  the  outer  margin  of  each  segment  ex- 
hibiting a  well-marked  narrow  border;  apertures  opening  into 
the  nmbilical  vefitibnle. .  Surfoce  of  living  specimens  beset  with 
spines.  Diameter,  Ath  to  /ith  inch  (0.6  to  1  mm)."  Brady 
(loa  cit). 

Locality,  Meeker  county,  Minn. 

This  species  we  are  in  some  donbt  about,  it  resembles  ao  closely 
in  some  respects  G-lintuEana,  while  in  others  Pulcimdina  menhardiv^ 
bat  the  weight  of  evidence  is  in  favor  of  G.  marginata.   Hensa. 

Orbuljna,  d'Orbigny. 
Orbnllna  anlversa,  d'Orbigny. 

(Pbte  IV,  flgs.  25-31.) 

"Piil!fm«rp^ Sphterule  rifrnv,"  aOLDAKI,  1791.     Testacrogrsphia,  vol.  i,  pt. 

2.  p.  116,  pi.  czix,  figs  I-N. 
OrbuHna  umveraa,  D'oRBioHy.  1839,  Puram.Cuba,  p.  3,  pt.  1.  flg  I. 
OrbuHna  uniterta,  Id.,  1839,  Foram.  Caoaries,  p.  122,  pi.  i,  fig.  1, 
Mihobt  {MotmesalU)  areella  ehbbnbebo,  1654,  Hikrogrologie,  pi.  xxi,  flg.  i. 
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MUiola  tphenila.  Id.,  Ibid.,  pi.  isxi,  fig.  1,  a.  b.  u. 

OrbiUina  griaiulaia,  vtr.  atra,  Costa,  1656,  Atti  dell'  Accad.  Pont.,  vol.  vii, 

p.  116,  pi.  zi,  Hk.  3. 
Ortviina  sfranukUa,  var.  areolaia.  Id.,  Ibid.,  p.  117,  pi.  xi,  dg.  4. 
OHnUina  univerta.  Id.,  Ibid.,  p.  114,  pi.  Ti,  lig.  fi. 

OrMina  unJivrM,  Williamson,  1858,  Rec  For.  Gt.  Br.,  p,  2,  pi.  1,  llg.  4. 
Orbulina piatdata,  txbqubu,  1862   Poramdn  Lias,  2i»M  mem.,  p.  432,  pi.  r, 

fig.  6. 
Globigerina  (Orbuiina)  unintria,  OWEN,  1867,  Joamal  Liiui.  Soc.,  Lood.,  vol. 

ii,  Zool.,  p.  14S,  pi.  T,  fig.  1. 
CHobigaiHa  (Orfralina)  eonHnau,  Id.,  Ibid.,  flp.  3,  4. 
aicbigfrina  [OrbMna)  (uxnta.  Id.,  Ibid.,  fig  2. 
Orbiili»a  univata,  bkadt,  1869,   Quart.  Jonm.   Hicr.  Soc.,  vol.  xix,  N.  S., 

p.  75. 
OrbiUiiM  univena.  Id.,  1884,  B«portoD  Pontm.  B.  M.  S.  ChalleDger,  Zool., 

vol.  Is,  p.  S08,  pU.  Ixzviii,  Isxxi,  figs.  8-36,  pi.  Ixzzil, 

fig.  1-3. 

Generic  character.  Shell  free,  regular,  spherical,  hollow;  per- 
forated by  ianamerable  very  uuaate  foramiiia,  visible  ODly  aader 
a  high  magnifying  power,  septal  orifice  single,  small,  situate  at 
some  point  on  the  periphery  of  the  shell;  without  any  marginal 
projection;  often  invisible.* 

Spec.  char.  Spherical;  parietes  minutely  grannlar,  of  a  pale, 
grayish-yellow  hue.  Texture  finely  arenaceous.  Septal  aperture 
small;  normally  round,  but  aeaally  irregnlar,  and  somMimee  en- 
tirely closed  up  by  the  inspissated  gelatinous  sarcode,  so  as  to  be 
invisible.     Diam.  ^ — ^.* 

Locality,  Meeker  county,  Minn. 

It  is  a  very  cosmopolitan  species,  being  found  very  abandantly, 
both  living  and  fossil. 

Several  of  the  specimens  figured  by  us  seem  to  be  covered  with 
minat«  spines,  as  heretofore  spoken  of  by  other  writers. 

Sub- Family  3.— nummulitin.*:. 

Opeecui.ina,  d'Orbigny. 

Opercnllna  complanata^  Defrance,  sp. 

(Plat*  IV,  fig.  36.) 
"Op«retUim  mHnum,"    plascus,  1739,   Coacfa.  Hin.,  p.  18,  pi.  iii,  fig.  1, 

A.  B.  C. 
Lailiet^ita  coatplanabi,  defbance,  1832,  Diet.  Sci.  Nat.,  vol.  est.  p.  433. 

•  WUlUiiuou'I  StctM  nranlntftra  G.  B.  1837. 
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LmtiaiHtm  eompbatata,  babterot,  1626,  Hem.  0«aL  Ear.  BordMnx,  pt  i,  p.  18. 
Oprreulina  eoMpIanofa,  d'obbiomt,  1836,  Ann.  8ci.  N*t,  vol.  vii,  p.  S81,  pi. 

liT,  figs.  7-10,  Modele.  So.  UO. 
Opercuhna  a>mnm%ea,  lkthebie,  IS46,  Mem.  8oc  Oeol.  Fnnae,  ear.  2,  vol.  i, 

p.  356,  pi.  ziii,  fig.  11,  a.  b. 
Operenlina  een^ilaaaia,  xutihkykb,  1860,  SchweUer  Nnmmnlitu — temin,  p. 

lOe,  pi.  IT,  flg.  66. 
OptrmUiut  arMea,  caster,  1863,  Jonra.  BombMy  Br.  R.  Aai&tie  Soc,  vol.  It, 

p.   4^,  pi.   XTili. 

OptretdiMi  hardiei,  d'abchiac  Mid  HAIHE,  1653,  Deacr.  Anlm.  Fosa,  da  gronpe 

Dummnlitiqne  de  rinde,  p.  346,  pi.  xzzt,  flg.  S,  k.b.  c 
OptTtuHna  evmflaiuUai  parkbs  and  jokes,  1861,  Ann.,  and  Hag.  Nat.  Hist, 

Bar.  3,  ToL  tiU,  p.  229. 
OperetUitta  iluderi,  KAUFMAKM,  1867,  GmI.  Beachtdb.  del  FiUtiu,  p  161,  pi. 

ix,  figa.  1, 2. 
Opereuiaia  viartfinala,  Id.,  Ibid,,  p.  152,  pi.  is,  flg.  4. 
Opercuiina  oamplawifa,  uoxBivs,  1880,  Foistn.  tod  Hamitiiis,  p.  104. 
ppercWiaa  emnplanaUi,   bbadt,  1884,  Seport  on  Foiam.   H.  U.  8.  Challenger. 

Zool.,  vol.  Ix,  p.  743,  pi.  oili,  flp.  3,  4,  5,  S. 

Opercallna  complanatll,  var.  granuloaa,  Leymerie. 
(Plato  II,  fig.  36.) 

Amphitlegina  Jkuriatai,  d'obbiqny,  1826,  Ann.  Bd.  Nat.,  vol.  Tii,  p.  304,  No. 

7  (name  onlj),  flde  Sons. 
Operculina  granulota,  leyuebie,  1846,  Hem.  Soc  0«al.  France,  sec.  2,  toI.  i, 

p.  35e,  pi.  itli,  flg  12,  a.  b. 
Av^hi»tegina  fievriaiai,  BEUsa,  1861,  S'tznnpb.  d.  k.  Ak.  Wise.  Wlen,  toI.  xIit, 

p.  308,  pi.  i,  figs.  10-12. 
Opereulina  irregularit,  BEUSS,  1S84,  Deakachr.  d.  k.  Acad.  Wiss.  Wlen,  toL  zxiii. 

p.  10,  pi.  i,  hgp.  17,  18. 
OpereMiut  gnmnMa,  ol'mbel,  1866,  Abbandl.  d.  k.  bayer.  Akad.  d.  Wiss.,  II. 

cl.,  vol.  X,  p.  663,  pi.  ii,  fig.  Ill,  a.  b. 
OpermliiM  mr.  granviMO,  bsady,  1684,  Beport  on  Fonuo.  H.  H.  B.ChaUeoger. 

Zool.,  vol.  is,  p.  743,  pt.  cxii,  Agi.  6,  7,  »,  10. 

Ait  there  seem  to  be  some  doubt  and  difference  of  opinion  in 
regard  to  this  species  and  variety,  we  vill  only  andertake  to  give 
the  generic  description  given  by  H.  B.  Brady. 

Tbe  test  of  the  typical  Opereulina  is  a  thin  complanate  disk, 
composed  of  three  or  four  broad  oonvolatioos,  symmetrically  ar- 
ranged, and  equally  visible  on  both  foces.  Tbe  central  portion 
of  the  disk  is  usually  somewhat  thicker  than  the  oater  vhorls, 
and  not  nnfreqnently  almost  umbonate ;  the  earlier  eoDVolntions 
are  more  or  lees  embracing,  the  later  whorls  evolnte.  The  seg- 
ments are  nsually  very  numerous,  of  gradually  increasing  size, 
and  typically  very  short  in  the  direction  of  growth,  as  compared 


cyizcdtvCoOglc 


„Googlc 


Ling^ila  catnmel,  magDifled  fow  diaroeteis. 

a,  impraeeioji  of  the  beak  of  the  longer  vftlve  (concave). 
6,  imprcnon  of  tbe  shorter  valve  (ooncave).  c,  convex 
surface  of  a  Binall  specimen,  d,  concave  impremoii  of 
the  longer  (?)  valve- 


Pig.  7.     Paradoxidm  barberi,  natural  dze.... 
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PLATE  II. 

El  ^huiUue  molar,  nppeiaiu'&ce. 
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PLATE    III. 

FIga.     1-6.  Testnlaria  Klobnloso,  Ehrenberg ]60 

Pigs.      6,7.  Textuloria  a^laUn&iu,  d'Orbigny 167 

Fig.          6.  Textalaria  tnrrla,  d'Orbigny 1C7 

Pig.          9,  Spiroplecta  americana,  Ehrenberg 168 

Pig.         10.  Oftndryina  popoidea,  d'Orbigny 16S 

Fig.        11.  Bnllmina  papoidee,  d'Orbigoj 1S9 

Pig.        12:  Bolivina  punctata,  d'Orbigny 169 

Pig.        13.  aiobigerioa  bnlloides,  d'Orbigny 172 

Figs.  14-16.  Globig«riiia  cretitceA,  d'Orbigny 171 

Figs.  17,  IB.  Globigerimi  Bp.  (?) 
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PliATE  IV. 

Figs.  19,  23, 24.     Globigerina  cretacea,  d'Orhigny 171 

Figs.       20-22.     Globigerii^a  marginata.  Items _  174 

Figs.       26-31.     Orbnlina  nniversa,  d'Orbigny „  174 

Figs.  32-34,  38,    Lagens  favoeo-panctata,  Bradj 170 

Fig.  35.     Operculina  Domplanata,  Defrance,  sp 175 

Fig.  36.     Opercalioa  complanata,  yai.  gnmiilosa,  Lejm«rie 176 

Fig.  37.     Urigerina  canarieiisiB,  d'Orbigny ; 171 
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Tith  their  width  radially ;  they  are  for  the  most  part  produced 
OQ  a  nuiform  plan,  bat  near  the  finish  are  often  irregular,  both 
as  to  shape  and  size  (Fl.  cxii,  figs  3,  4  aaA  6).  The  exterior  is 
sometimes  smooth ;  bnt,  more  frequently,  either  the  sntoree  or 
the  snr&ce  of  the  chambers,  or  both,  are  ornamented  with  exog- 
enous grannies,  papiUs  or  tnberolee,  vhich,  as  a  rale,  are  more 
strongly  developed  near  the  centre  than  on  the  later  whorls ;  and 
in  the  small,  northern  variety  of  the  genns,  the  septal  lines  and 
periphery  are  distinctly  limbate.  The  general  apertore  is  a 
straight  or  slightly  cnrred  fissnre  at  the  inner  margin  of  the 
final  s^^ent,  close  to  the  periphery  of  the  previous  convolution; 
bat  the  test  has  frequently  also  a  number  of  secondary  orifioes, 
in  the  form  of  small  circular  pores  on  the  foce  of  the  terminal 
a^ment.  The  septa  are  double,  and  the  skeleton  is  fiimished 
with  a  system  of  canals,  the  general  features  of  which  are  anal- 
ogous to  that  of  NutamrUUes. 

Locality,  Meeker  county,  Minn. 
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NOTES  ON  THE  MAMMALS  OF  BIG  STONE  LAKE 
AND  VICINITY. 


BY  C.   L.   HEBBIOK. 

The  region  about  lakes  Big  Stone  and  Travetse  ie  interesting 
not  only  from  a  geological  atandpoint  but  in  itB  faunal  relations. 
We  bere  find  the  approximate  limit  of  several  distinct  faanal 
areas  and  are  not  disappointed  in  expecting  transitional  forms 
and  the  material  for  deciding  several  interesting  qaestiona  in 
gystematic  zoology.  It  is  not  the  present  purpose  to  anticipate 
the  remarks  which  may  be  ofifered  npon  this  subject  in  the  final 
report  on  the  MammaU  of  Minnesota,  now  approaching  comple- 
tion and  which  vill  be  submitted  in  September,  1885;  bat  it  may 
be  interesting  to  offer  a  few  ibcts,  which  will  hereafter  be  given 
more  in  detail,  in  order  to  secure,  if  possible,  the  co-operation  of 
collectors  in  acoumnlating  additional  data.  We  shall  find,  then, 
in  the  immediate  vicinity  of  Big  Stone  lake,  species  belonging 
strictly,  first,  to  the  plains  Of  the  fiu:  west,  second,  to  the  prairie 
region  of  the  sonth  and  east,  and  third,  to  the  woodland  re- 
gions lying  north  and  east.  For  example,  we  here  find  associated 
in  seeming  agreement  such  animals  as  the  mole  moose  of  the 
plains,  a  variety  of  the  common  prairie  Vesperimua  mkihiffanenai* 
or  Midiigan  mouse,  the  Sonora  deer  moose  (Ve^erimus  aonori- 
enaia),  the  red-backed  mouse  {EnAomya  rutUua,  gapperi),  the 
woodland  Zapua  hudscmius  or  jumping  mouse,  and,  of  late  also,  a 
few'foremnners  of  the  domestic  monse. 

The  following  list  embraces  all  the  mammals  at  present  known 
to  inhabit  the  district  in  question,  with  such  notes  as  seemed 
worthy  of  record  at  this  time: 


.vGoogIc 


STATE  OBOLOQISr.  17? 

1.    Canis  lupus,  L.    Wait. 

2.  Canis  latrans.  Say.    CoTOto. 

3.  Vul]>«8  vulgaris.  Flam.    Fo>. 
4.    PutoritiB  lutreolus,  Cnr.    Mink. 

5.  Taxldea  nmericana,  Bd.    Badger  (?). 

6.  HepbitiB  mephitlca,  Shaw.    Skunk. 

7.  Latra  cauadensiti,  Etabine.    Ottw  (?). 
8.     Procyou  lotor,  Storr     Rocomii. 

9.    Antllocapra  americana,  Ord.    Pronged-honied  antelope. 

The  last  occurrence  of  the  aotelope  on  the  Minnesota  side,  of 
which  I  could  learn,  -was  in  18S1,  when  one  was  shot  six  miles 
north  of  Brown's  Valley,  Traverse  county. 

lO.    Vespertillo  subolatua.  Say.    Brown  bat 

In  paBsing  over  the  many  granitic  and  gneissic  masses  which 
shoulder  their  way  through  the  surrounding  drift  in  the  imme- 
diate valley  of  the  Minnesota  river  a  few  miles  below  Ortonville, 
the  ear  is  constantly  filled  with  an  uneasy  clatter,  shrill  and  tor- 
menting in  the  extreme,  and  proceeding  irom  numberless  bats 
passing  the  day  in  the  crevices.  It  is  not  often  easy  to  secure 
specimens,  for,  even  if  the  hammer  dislodges  fragments  of  rock 
and  destroy  the  retreat,  the  inhabitants  take  flight  at  once  even 
in  bright  sunshine. 

11.    Scalops  ai^entatuB,  And.  A  Bach.    Prairie  mole  (?). 

12.     Sorex  ((»K>peri,  Baird  ?).      Western  sbrew. 

Shrews,  which  in  the  lack  of  a  special  study  are  referred  to 
this  species,  are  very  abundant  at  Brown's  Valley,  and  in  winter 
are  said  to  become  in  part  domesticated,  living  about  bams  and 
out  buildings,  much  as  the  domestic  mouse  (which  is  not  yet 
fonnd  here)  does  in  other  places. 

13.    Sclurus  hudsonius,  Palloa.    Bed  tqnirrol  (?]. 

14.    Tamlas  atilatuH,  L.    Chipmnnk. 

The  ground  squirrel  occurs  in  the  thickets  along  the  lakes,  but 
is  not  abundant. 
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15.    Spermophllus  trldecemllneatufi  Mitch. 

The  striped  gopher  is  excessively  abundant  and  in  some  sea- 
sons canses  great  havoc  in  the  wheat  as  well  as  corn  fields.  It 
dwells  on  the  prairie,  while  the  next  is  equally  abundant  where- 
ever  a  denser  growth  of  grass  or  trees  furnished  it  a  suitable  re- 
treat. 

lO.    Spennophlliis  franklloi,  8»b.    Onj  gvphor. 

This  species  was  found  in  greater  abnndanoe  near  Brown'aVal- 
ley  than  elsewhere  in  Minnesota.  It  is  entirely  without  fear  and 
will  take  a  place  at  the  camper's  table  if  unmolested,  partaking 
of  fish  or  fowl  with  no  manner  of  diffidence. 

17.    G«oinys  bursariua,  Sbftw.    Pouched  gopher. 

Our  most  earnest  endeavors  have  failed  in  seenring  a  specimen 
of  Thomomys  in  Minnesota,  although  we  bad  reason  to  expect  its 
occnrrenoe.  The  Qeomys  of  Brown's  Valley  and  Moorbead  are 
typically  the  above  species. 

18.    Zapua  hudsonlns,  Zim.  Jiuupitig  monse. 

It  was  with  considerable  surprise  that  the  first  specimen  of  this 
species  as  yet  seen  in  Minnesota  was  captured  at  Brown's  Valley 
in  an  oasis  of  the  prairie  region.  The  specimen  was  so  unsus- 
pecting that  it  was  easily  taken  with  the  bare  hand,  and  must 
have  long  lived  in  undisturbed  quiet  on  the  shores  of  lake  Trav- 
erse. 

10.    Mus  niuscniiis,  L.    Domeettc  motue. 

A  few  specimens  of  a  very  yellow  mouse,  otherwise  resembling 
fhe  common  moose,  were  taken  on  the  shores  of  Big  Stone  lake. 

20.    Vesperiiuiis  sonoriensis,  LeConte. 

With  some  degree  of  surprise  all  the  deer  mice  of  the  region 
in  question  were  found  to  be  in  size  and  (less  distinctively)  col- 
oration identical  with  the  Sonora  mouse.  Of  a  considerable 
series  not  one  has  a  tsiil  over  2.60  inches,  or  a  hind  foot  over  ,87, 
while  the  prevailing  measurement  of  the  former  is  2.40,  and  of 
the  latter  .70.  The  colors  are  lighter  and  less  conspicnoos  than 
in  the  deer  moose,  and  the  white  parts  encroach  more  upon  the 
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dorsal  area,  while  the  brown  portion  of  the  tail  is  a  narrow  stripe 
only.  Besides  these  difFerences,  in  the  whole  anterior  portion 
the  pelage  is  sifted  over  with  whitish,  giving  it  a  grayish  tinge. 

31,    Vesperimus  michiBanensls,  And.  &  B»ch. 

This  species,  which  in  the  eastern  part  of  the  state  is  not 
abundant,  is  the  most  common  form  along  the  apper  coarse  of 
the  Minnesota  river.  It  appears  in  a  gray,  almost  varietal, 
phase  quite  different  in  appearance  from  l^e  eastern  examples 
of  the  same  species. 

22.    Ouychomf  8  leuco^aster,  vu.  pallldus,  var.  n. 

A  variety  of  the  mole  moose  hitherto  undescrihed  is  folly 
treated  in  Uie  note  at  the  close  of  this  paper. 

23.    Erotomys  mtllus  var.  gapperl,  Vigors. 

The  red-backed  moose  is  by  no  means  rare  in  the  oopees  about 
the  lakes  and  along  the  Minnesota  river. 

[24-25.  BoUi  Arvicola  austenu,  Le  C,  and  Synaptomya  coopeH, 
Bd.,  most  be  found  in  the  region  mentioned,  or  not  &r  from  it, 
but  no  examples  have  as  yet  been  found  in  Minnesota.] 

26.    Fiber  xlbethicus,  L.    Mnskrat 

The  musquash  is  nowhere  more  common  than  in  the  prairie 
pools  of  the  southwest.  Were  the  for  of  more  than  a  nominal 
value  the  trapper  would  find  profitable  employment  here.  Upon 
the  banks  of  the  Minuesota  river  well  beaten  trails  show  where 
the  animals  leave  the  muddy  banks  where  their  dens  are  made, 
for  the  swamps  adjacent. 

27.    I«pn8  Bflvaticus,  Bach.    Gray  rabbit. 

This  species  is  excessively  abundant  in  the  low  ground  along 
the  upper  Minnesota. 

28.    Iiepus  caiupestrls.  Bach.    Prairie  hare. 

Quite  common  in  winter,  but  it  is  seldom  seen  in  summer. 
Universally  called  "jack  rabbit." 

To  the  above  list  which  is  necessarily  only  fragmentary,  is  ap- 
pended a  detailed  description  of  Onyekomyt  pc^idws. 
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Genus  Onyctaomys,  Baird. 
MOLE    MICE. 

This  genus  is  of  particnlar  interest  inasmuch  as  it  contains 
three  varieties  of  mice  vhich,  from  their  inaccessable  station  and 
secluded  habits  hare  seldom  gained  admittance  to  nataral  his- 
tory mnseoms,  or  received  the  attention  of  natnralista.  This  in  - 
terest  is  enhanced  by  the  iact  that  the  genos  is  evidently  very 
doeely  allied  to  Veeperimiu  bat  has  developed  in  a  direction  en- 
tirely different  from  that  gronp;  and  its  species,  externally  and 
in  habits,  vary  greatly  from  the  deer  mice.  Fossorial  prairie  or 
desert  animals  living  largely  on  insects  might  be  expected  to 
differ  greatly  irom  such  aaltatorial  and  gramnivoroaa  animals  as 
Vesperimus  contains. 

The  mole  mice  are  distingaiahed  from  their  relatives  by  the 
compact  arvicoline  form,  short  tail  and  hind  legs,  well  developed 
anterior  extremities  with  fossorial  claws,  and  the  soft,  mole-like 
character  of  the  pelage.  The  hasty  observer  wonld  refer  the 
animalto^rtrfcoIJtuF  rather  than  to  thesigmodont  Murinee;  indeed 
Prince  Maximilian,  vho  vas  the  first  to  me^  the  genns,  referred 
the  0.  Jetioogofier  to  Hypudosus.  As  we  have  specimens  of  none 
of  the  genns  except  O.  lewsogaxter,  var.  paUidux,  the  reader  is  re- 
ferred to  the  discossion  of  that  variety  for  a  description  of  the 
anatomical  pecaliarities.  It  seems  that  in  view  of  the  many 
points  of  divergence  in  stractarc  and  habits,  there  should  be  no 
hesitation  in  separating  the  mole  mice  generically  from  the 
Heeperomgs. 

Onychomys  leucc^raster,  Uaximiluu.    Miasoori  Hol«  moose. 

Supuiau*  Uuaefoiler,  uaiihiliam,  Belw  In  du  Innere  Nord  Amarlca,  IMI. 
I,  Quad.  N.  A..  liSl. 
.D,  HsiD.  N.  A.,  1867. 
n,  Froe.  AcWL  K.  8.  Pbllk.,  1ST4;  Uooogr.  K.  A.  Bo- 


(,  Arch.  I.  HUarf .  iTJll,  II 


The  single  species  thns  far  fonnd  nnder  the  genns  Onyehomya 
has  differentiajied  into  three  more  or  less  distinct  geographical 
races  or  varieties.  Of  these  bat  one  is  foand  in  Minnesota,  and 
that  only  apon  the  western  boundary  and  a  very  short  distance 
east  of  it. 

The  typical  form  is  stated  to  be  restricted  to  the  upper  Missouri 
river  r^on,  and  is  described  as  follows: 

"Color  above,  grayish-brovn,  passing  into  yellowish-red,  and 
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finally  into  a  stripe  of  AiItoob  on  the  sides.  Feet,  inclading 
oater  enrfoce  of  the  fore-arm  apd  under  sarface  of  the  body  and 
tail,  white." — Baird. 

"Beneath,  snoT-vhite;  above,  moose-browa,  with  darker  dor- 
sal area.  Tail  twice  the  hind  ibot  or  less ;  much  less  than  half 
the  head  and  body.  Fore  foot  more  than  half  the  hind  foot. 
Bar  about  .60  iiigh."—Ooueg. 

"The  chief  diBting^aishing  feature  in  coloration,  as  compared 
with  Heaperomys  lewiopns,  is  the  mostly  white  muzzle." — Oi»ie». 

The  following  measnrements  from  Xo.  7,492,  of  the  National 
Museum,  are  selected  as  &irly  illustrating  the  proportions.  STose 
to  tail,  4.26;,  tail,  1.66;  hind  foot,  .88;  fore  fbot,  .60;  noee  to  eye, 
.60;  nose  to  ear,  1.00;  ear,  .60.  The  skull  of  a  somewhat  smaller 
specimen  measured  1.07  (Cones). 

On^chomya  leucogaster,  var.  torridus,  Coiim, 

Was  foundednpon  a  single alcoholicspecimen&om  Arizona, which 
diffeis  in  having  rather  larger  ears  and  tail,  and  smaller  fore 
feet.  The  colors  are  warmer.  The  following  is  Dr.  Goaes'  diag- 
nosis: 

"Beneath,  tawny-white  (t);  above,  brownish-falvons,  with 
no  darker  dorsal  area.  Tiul  abont  two  and  a  half  times  the 
hind  foot ;  almost  half  as  long  as  head  and  body.  Fore  foot  half 
the  hind  foot.     Ear  abont  .76  high." — Couea, 

Without  discussing  the  characters  on  which  this  variety  is 
founded,  we  may  remark  that  in  the  only  form  which  we  have 
seen  the  proportional  length  of  the  tail  and  limbs  was  fonnd  to 
be  aabject  to  considerable  variation,  and  that  even  while  the  ex- 
act pattern  of  ooloration  was  maintained.  Cones  gives  the  fol- 
lowing measnrements  of  the  specimen  described:  ''Hose  to  tail, 
3.76;  tail,  2.00;  hind  foot,  .80;  fore  foot,  .40;  nose  to  eye,  .50; 
noee  to  ear,  .96;  ear,  .70, 

ODjchomys  leuct^raster,  var.  pallldus,  var.  n. 

This  variety  is  based  upon  a  series  collected  near  the  sonroes 
of  the  Minnesota  river  and  the  Hois  des  Sioux  river  in  Dakota, 
which  differs  so  completely  in  ooloration  from  either  of  the  above 
varieties  as  to  be  entirely  incompatible  with  any  description  as 
yet  given  of  O.  lenoogaster;  while,  at  the  same  time,  preserving 
the  essential  characters  of  Uie  species.  Upon  first  encountering 
the  form  while  encamped  on  the  shores  of  lake  Traverse,  the 
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-writer  was  at  a  loea  to  clafiBiiy  his  find,  for,  in  coloration  and 
form,  it  entirely  differed  from  any  description  or  figare  known 
to  bim.  It  was  at  once  Bet  down  as  an  Arvicola  on  the  stren^h 
of  its  compact,  obtuse  form  and  bnrrowing  liabit,  althoogh  the 
.  lai^  ears  and  a  certain  vagae  snggeetion  in  the  appearance, 
hinted  at  Sesperomsa.  It  was  necessary  to  examine  the  teeth  be- 
fore conviction  was  reached  that  we  had  to  do  with  a  hespero- 
moid  type.  The  mole-like  appearance  and  habit  at  last  ibmisbed 
memory  with  the  cine,  and  we  recognized  our  capture  as  Ony- 
ehomyg. 

It  will  be  most  satisfactory  to  transcribe  the  description  made 
in  our  diary  from  the  recently  killed  specimen  as  being  quite  nn- 
pKtjadiced  by  thought  of  comparison  with  other  species. 

Description  of  No.  103,  collected  July  4,  1886. 

"Ck>lor  nowhere  other  than  bla«k  and  white  or  a  mixture  of 
the  two.  Base  of  far  everywhere  ashy  gray.  Above,  black  and 
white  most  intimately  mixed  so  as  to  produce  the  efTect  of  a 
whitish  reflection  from  black  fiir,  thus  resembling  a  mole.  On 
the  sides  the  white  tips  are  more  numerous  among  the  bairs 
so  that  the  color  is  lighter,  bat  the  fur  is  so  fine  that  the  jtelage 
would  not  be  called  grizzled.  Under  parts  very  pure  delicate 
white  (sofl:  looking)  bnt  sparsely  sown  with  the  black-tipped 
haira.    Soles  hairy.    Tail  not  distinctly  bi-color." 

There  is  a  dark  ring  about  the  eyes,  the  white  of  the  lower 
parts  embraces  the  lips  to  the  nostrils  and  the  muzzle  is  hoary. 
The  lip  is  deft  and  the  fUr  about  this  cleft  is  long  and  hangs  over 
like  a  moustache.  The  fur  is  close  and  dense  about  the  small 
nasal  pads.     The  insides  and  veins  of  the  ears  are  silvery  white. 

The  tail  is  terete  and  very  closely  hairy  except  at  the  tip  which 
is  as  naked  as  in  Qeomys,  and  is  gradually  reduced  in  size  from 
the  middle  to  the  apex.  The  vibrissas  are  unusnally  fine  and 
long,  reaching  beyond  the  apex  of  the  ear  and  are  of  uncertain 
color,  really  black,  but  so  polished  as  to  appear  partly  white. 
The  sole  is  very  densely  covered  with  fine  close  hairs,  and  there 
are  but  four  tubercles.  The  ears  vary  in  length,  but  seem  to  be 
intermediate  between  the  varieties  above  mentioned. 

0.  paUidua  barrows  on  the  sandy  prairies  and  seems  to  be 
largely  diurnal  in  habit.  We  know  little  regarding  its  habits, 
but,  inasmach  as  its  stomach  was  foand  filled  with  the  remains 
of  grasshoppers  and  other  insects,  we  are  justified  in  claiming 
that  the  snggestion  of  a  largely  insectiorons  diet  offered  by  the 
dentition  is  borne  oat  by  actual  observation.     The  coloration 
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most  be  iaflnenced  by  the  cooBtant  exposure  which  a  chase  of 
dinrnal  infiecte  makes  necessary  opon  the  open  plains;  and  the 
short  and  nearly  naked  tall  aie  saggeetlve  of  the  foesorial  habits. 
The  following  table  gives  all  the  details  at  commaDd  conoern- 
lug  the  proportions;  and,  as  all  the  measurements  were  made 
wit^  greet  care  npon  recently  killed  spedmenB,  may  be  tmsted 
as  thorooghly  reliable. 
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OtUologs  itf  OngelKmsi  pMidtu.    (No.  106.) 

We  shall  present  onr  material  in  the  form  of  a  comparison  of 
the  skeleton  with  that  of  V.  leacopus  as  the  most  typical  and 
readily  obtainable  example  of  Veaperimvs,  While  much  resem- 
bling that  of  F.  teucopus,  the  aknll  is  heavier  and  less  slender. 
The  &cial  portion,  particularly,  is  shorter  and  blunter.  The 
cranial  portion  is  more  capacious  and  shows  a  greater  develop- 
ment of  the  parietals.  Greatest  length,  1.40;  width,  .68;  width 
across  parietals,  .63;  length  of  nasals,  .37;  frontals,  .31;  parietals, 
.18.  The  nasals  project  lees  beyond  the  incisors.  The  prepala- 
tine  foramen  is  mnch  wider  than  in  V.  leM!opag.  The  molara  are 
larger  than  in  any  Ye^erimns,  although  the  third  pair  are  more 
diminntive  than  in  the  actually  smaller  V.  leucopwt.  The  teeth 
are  peculiar,  especially  for  their  very  sharp-pointed  angntar 
prominences,  which  project  out  far  from  the  crown  of  the  tooth. 
The  pattern  is  the  same,  but  the  appearance  presented  is  very 
different.  The  basis  cranii  is  broader,  while  the  proportion 
of  the  parts  is  otherwise  scarcely  different.  Length  of  basi-oc- 
dpital,  .16;  molar  series,  17;  width  of  foramen  magnum,  .20. 
The  lower  jaw  is  chiefly  remarkable  for  the  great  development 
of  the  coronoid  process,  which  in  VespeHmus  is  a  minute  hook, 
but  here  Is  large  and  strongly  cnrved,  extending  nearly  as  far 
backward  as  the  condyloid.    The  angle  of  the  mandible  is  as  in 


There  are  seven  cervical,  thirteen  dorsal,  six  Inmbar,  three 
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eacral,  and  Beventeea  caudal  Tertebne — forty-six  in  alL  The 
caadal  series  meaBnres  1.76,  the  Bacral  .36,  the  lambar  .70, 
and  the  dorsal  about  .90.  The  scapnla  is  larger  in  propor- 
tion, in  harmony  vith  the  greater  development  of  the  arm  in 
general,  bat  has  the  same  form.  Length,  .54;  vldth,  .26.  The 
hnmems  ie  .55  long,  and  is  proportionately  maoh  heavier  than 
Id  FeApertnuM,  bat  the  snperiority  is  more  clearly  seen  in  the 
forearm.  The  radios  is  .53  long,  while  the  olecranon  procces  of 
the  olnar  is  anosaally  strong.  A  general  heaviness  oharacter- 
izee  the  bones  of  the  hand.  The  hind  limb  is  remarkable  for  the 
heavy  and  short  bouee  composing  it.  The  femur  is  .70  long,  the 
tibia. 76,  and  the  longest  metatarsal  .30,  vhile  in  V.  leaeoptitthtee 
parts  measure  .60,  .80  and  .35.  In  this  speeies  only  .30  of  the 
fibula  is  united  with  the  tibia,  while  in  V.  leucopua  nearly  .40  of 
its  length  is  fnsed.  We  find,  therefore,  only  a  circomstantial 
conflmuitioD  of  the  view  gained  by  external  examination. 

HoTB.— MnanranWDta  all  In  Incba  and  dedmiili. 
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The  Univehsity  of  Minnesota,       1 
Minneapolis,  Minn.,  March  1,  1&86.  ) 

To  the  President  of  the  VniEersity : 

Dear  sir: — The  fourteenth  aiinuul  report  of  piogress  of  the 
geolo^cal  and  natural  hisfcorj'  survey  of  the  state  is  hereby 
presented. 

I  have  the  honor  to  he,  very  respectfully, 
Your  obedient  servant, 

N.  H.  WINCHELL, 

{itaU  (jevlogiiil  and  evrolor  of  the  general  muteam. 
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REPORT. 

SUMMARY  STATEMENT. 

The  Lpgislature  of  1885,  not  niily  niiide  provision  for  the 
tindjng  of  the  rest  of  the  edition  of  vol.  i.,  of  the  Hnal  report, 
but  enactcil  a  general  law  respecting  the  pulitication  of  other 
volumes.     It  reads  as  follows: 

Ak  act  KKLATIKG  to  TUE  publication  of  TIIK  report  or  THE 
OEOIOGICAL  AND  NATrKAL  HISTORY  SURVEY  OF  THK  HTATK, 

Be  it  enacted  by  the  Leifislature  of  the  Slate  of  Minnesota: 

Section  1.  The  governor,  the  secretary  of  state  and  tlie 
state  geologist  are  hereby  creiited  a  commission  for  the  print- 
ing and  publication  of  the  reports  of  the  regents  of  the  univer- 
sity on  the  geological  and  natural  history  survey  of  the  state. 

Sec.  2.  It  shall  be  their  duty  to  siniervise  tlie  printing  of 
the  final  reports  of  said  survey,  aud  the  engraving  of  the  ac- 
companying maps  and  illustrations,  in  such  style  and  manner 
as  they  shall  determine  and  judge  best  calculated  to  exhibit  to 
the  people  of  the  state,  the  natural  resources  of  the  state  as 
required  by  the  law  creating  the  geological  and  natural  hiwtory 
Burvey. 

Sec,  3.  They  shall  cause  to  he  i-ejiublished  in  the  same 
manner  the  third  (3rd,)  fourth  (4th)  and  fifth  (5th)  reports  of 
progress  of  said  survey,  at  as  early  a  diite  as  practicable,  in  an 
edition  of  two  thousand  copies. 

Sec,  i.  The  volumes  of  the  final  i'e|iort  of  said  survey,  as 
they  may  be  prepared  by  the  state  geologist  from  time  to  time, 
shall  be  issued  in  an  edition  of  five  thousand  (.'>,00())  coi)ies 
each,  and  shall  be  distributed,  in  the  name  of  the  board  of 
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regenta  of  the  university,  under  tbe  direction  of  the  state  geol- 
ogist, to  scientific  and  educational  institutions,  and  to  indi- 
viduals, as  followsi  To  the  library  of  each  chartered  college 
and  scientific  institution  in  Minnesota,  three  (3)  copies  each; 
to  each  normal  school,  three  (3)  copies;  to  the  libraries  of  the 
institute  for  the  deaf  and  mute,  the  insane  asylums,  the  state 
prison,  and  cTery  public  library  in  the  state  not  otherwise 
designated,  one  (1)  copy  each ;  to  each  of  the  offices  in  the  capi- 
tol,  one  (1)  copy ;  to  each  member  of  the  board  of  regenta,  three 
(3)  copiea;  to  the  library  of  the  state  university,  two  hundred 
(200)  copies;  to  the  Historical  Society,  and  to  the  Minnesota 
academy  of  sciences,  ten  (10)  copies  each;  to  each  newspaper 
published  in  the  state,  one  (1)  copy;  to  each  senator  and 
representative  of  the  present  legislature,  one  (1)  copy;  to  the 
governor  and  lieutenant  governor,  each  one  (1)  copy;  to  each 
assistant  on  the  survey  whfi  has  furnished  manuscript  or  illus- 
trations published  in  the  report,  three  (3)  copies ;  to  the  genera! 
office  of  each  railroad  that  has  furnished  aid  to  the  survey, 
three  copies;  to  the  library  of  each  high  school,  furnishing 
students  fitted  for  the  freshman  class  of  the  state  university, 
one  (1)  copy;  to  the  state  library  of  each  state  in  the  Union, 
one  (1)  copy;  to  each  state  university  and  each  college  of 
agriculture  and  mechanic  arts,  one  (1)  copy;  to  geologists  and 
naturalists  of  Minnesota,  fifty  (50)  copies;  to  the  geologists 
and  naturalists  of  other  states,  two  hundred  (200)  copiea;  to 
other  colleges  and  scientific  institutions  in  the  United  States, 
one  hundred  (100)  copies ;  to  foreign  institutions  and  scientists, 
one  hundred  (100)  copies;  and  to  the  state  geologist,  twenty- 
five  (25)  copies.  The  remainder  shall  be  deposited  in  the  state 
university,  and  shall  be  sold  at  such  prices  as  the  board  of 
regents  may  determine,  and  the  proceeds  of  such  sales  shall  he 
used  by  said  regents  for  the  purchase  of  apparatus  and  books 
for  the  survey,  and  after  its  completion,  for  the  departments 
of  natural  science  at  the  state  university. 

Sec.  5.  The  expense  of  printing,  engraving,  binding  and 
distribution  of  said  reports  shall  be  paid  out  of  anv  moneys  not 
otherwise  appropriated,  in  the  state  treasury,  on  warrants  of 
the  state  auditor  approved  by  the  governor  and  secretary  of 
state. 
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Sec.  6.  The  commissioDers  hereby  appointed  shall  perform 
the  duties  herein  designated  without  further  compensatioD 
than  the  payment  of  the  actual  expenses  incurred  in  the  dis- 
charge theruof. 

Sec.  7,  This  act  shall  take  effect  and  be, in  force  from  and 
after  its  passage. 

Approved  March  7,  1885. 

The  Legislature  of  1885  also  passed  the  following  law  trans- 
ferring to  the  board  of  regents,  for  the  survey,  the  indemnity 
lands  granted  by  Congress, 

An  act  to  tbansfer  to  the  custody  and  control  of  the 
board  of  beoent8  of  the  oniveesitx  of  minnesota  the  lands 
obanted  bt  congbbss  to  the  state  by  an  act  entitled  "an 
act  granting  lands  to  the  state  of  minnesota  in  lieu  of 
cebtain  lands  heretofore  obanted  to  said  state,"  approved 
habch  third  (3rd),  one  thousand  eight  hundred  and  seven- 
ty nine  (1879)  to  authorize  the  said  board  to  sell  such 
lands  and  dispose  op  the  proceeds  of  such  sales. 

Whereas,  The  state  lands  known  as  state  salt  lands,  were 
by  an  act  approved  March  tenth  (10),  one  thousand  eight  hun- 
dred and  seventy  three  (1873),  chapter  one  hundred  and  thirty 
three  (133),  general  laws  of  one  thousand  eight  hundred  and 
seventy  three  (1873),  transferred  to  the  custody  and  control  of 
the  board  of  regents  of  the  University  of  Minnesota,  to  be  by 
said  regents  sold,  and  the  proceeds  thereof  held  in  trust  by 
them,  and  disbursed  in  accordance  with  the  law  ordering  a 
geological  and  natural  history  survey  of  tlie  state;  and 

Whebeas,  It  was  found  that  certain  parcels  of  such  state 
lands  had  been  otherwise  disposed  of  by  the  United  States 
to  actual  settlers  upon  such  lands,  for  which  indemnity  lands 
have  since  been  granted  to  the  state  by  an  act  of  Congress 
approved  March  third  (3),  one  thousand  eight  hundred  and  sev- 
enty nine  (1879) ;  therefore 
Be  it  enacted  by  the  Legislature  of  Ihe  State  of  Minnesota-- 

Section  1.  That  the  lands  granted  by  Congress  to  this  state 
by  an  act  entitled  "An  act  granting  lands  to  tlie  State  of  Min- 
nesota in  lien  of  certain  lands  heretofore  granted  to  said  state, ' ' 
approved  March   third   (3),   one  thousand  eight  hundred  and 
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seventy -nine  (187!*).  l>e  iiml  the  sume  are  hereby  transferred  to- 
the  custody  and  control  of  the  board  of  regents  of  the  univer- 
sity of  Minnesota,  which  lands  the  said  board  may  sell  in 
such  amounts  as  they  may  <leem  most  expedient  and  beneficial. 
the  i>roceeds  there^if  being  held  in  trust  by  them,  imd  only 
disbursed  in  accordance  with  the  law  ordering  a  geologiciil  and 
natural  history  survey  of  the  state,  and  the  said  board  shall 
make  report  of  their  doings  in  the  premises,  as  provided  by  law. 

Sec.  2.  This  act  shall  take  efiFect  and  be  in  force  from  and 
after  its  passage. 

Approved  Feb  24,  1885. 

The  Name  Legislature  appropriated  a  sum  of  money,  (Sl!2,()00) 
for  the  printing  and  engraving  necessary  for  volumes  2  and  A 
of  the  final  report.  Of  these,  volume  2  is  now  in  i)reHs,  and 
will  probably  be  issued  during  the  coming  year. 

On  the  return  of  the  collections  of  the  survey  from  the  New  . 
Orleans  Exposition,  a  great  deal  of  labor  was  e3i)euded  in  re- 
arranging them  in  the  museum.  Theroomny  are  more  than  full. 
Some  of  the  cases  which  were  returned  from  New  Orleans  are 
not  placed  in  the  rooms  of  the  museum,  but  are  stored,  empty, 
in  the  Ooliseum — where  also  are  some  of  thespeciiueus,  because 
of  it  lack  of  room.  At  the  same  time  the  two  rooms  in  the 
basement  of  the  University  which  are  used  for  general  work 
and  laboratory  purposes,  are  very  much  crowded,  and  the  pro- 
gress of  every  department  is  retarded.  The  museum  has  again 
cmtgrown  its  accommodations.  The  accompanying  list  again 
will  show  the  accessions  during  the  year. 

During  .July  and  August  Mr.  E.  0,  Ulrich  was  engaged  in 
the  examination  of  the  collections  of  bryozou,  accumulated 
since  the  commencement  of  the  survey.  He  made  a  good  be- 
ginning in  this  work,  and  his  report  on  the  same  will  be  found 
herein.  There  is  much  still  to  be  done  before  a  creditable  and 
full  presentation  of  this  interesting  class  of  fossils  can  be  of- 
fered for  final  publicatiou. 

My  son,  Mr.  H,  V.  Winchell,  has  resumed  the  work  of  loi- 
lecting  and  listing  the  data  of  water-power  ntili/.ed  in  the 
state,  which  was  interrupted  by  the  death  of  Mr.  C.  M.  Terry, 
This  is  carried  on  in  connection  with  other  ofBce  and  iabora- 
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tory  work,  and  work  in  the  iiiiiseiiiii,  iiiid  (Kciipios  l>ut.  a  ptr- 
tioD  of  his  time. 

Mr.  O,  W,  Oestliiiiil,  formerly  a  student  of  tlio  University, 
and  !in  assistant  to  Prof,  Porter  on  the  experimental  farm, 
wa,t  engaged  in  April  last,  to  servo  as  entomologist  of  tht  sur- 
vey, and  has  Ijeen  so  engaged  throughout  the  rest  of  the  year. 
.A.t  a  late  meeting  of  the  horticnltural  society  of  the  state  ho 
was  elected  state  entomologist  to  the  society.  Mr.  Oestliind's 
second  report  is  included  herewith. 

Mr.  U.  S,  Grant,  ii  stndent  of  the  University  has  been  at 
work  casually  arranging  and  cataloguing  the  eolleetifms  of  the 
survey  pertaining  to  recent  eonchology.  The  list  of  recent 
shells  found  in  the  accompanying  niiisenm  report  and  notes  on 
the  specimens,  were  prepared  by  him.  He  has  had  the  assist- 
ance and  counsel  of  Prof.  R.  E.  <'all.  of  Iowa,  and  of  sneli 
meager  literatnre  as  may  be  fonnd  in  the  University, 

Mr.  Warren  Upham's  work  on  the  survey  was  terminated 
last  .\pril.  His  contributions  to  the  geology  of  the  state,  par- 
ticularly the  glacial  geology,  have  been  voluminous  and  valu- 
able. He  has  continued  the  same  work  in  Dakota,  in  con- 
nection with  the  United  States  geological  survey.  .V  large 
amount  of  manuscript  prepared  by  him,  pertaining  to  the 
central  drift-covered  counties  mainly,  remains  to  be  published. 
It  will  appear,  according  to  present  plans,  in  the  second  volume 
of  the  final  report.  Mr.  Upham's  careful  diligence  and  clear- 
sighted apprehension  of  geologic  facts  and  principles,  make 
him  not  only  a  valuable  assistant,  but  a  reliable  investigator. 

Prof.  .1.  C.  .Arthur,  of  Ueneva.  N.  Y.,  was  apjminted  botanist 
of  the  snrvey  by  authority  of  the  board  of  regents,  lust  March, 
but  circumstances  that  could  not  be  obviated  have  prevented 
him  from  engaging  actively  in  this  work.  It  is  expected,  how- 
ever, that  this  department  of  the  natural  history  of  the  state 
will  be  vigonmsly  prosecuted  during  the  coming  year. 

The  manuscript  reports  of  Dr.  P.  L.  Hatch,  on  the  ornith- 
ology of  the  state,  and  of  Prof.  (.',  L.  Herrick,  on  the  mammals, 
though  not  yet  tendered,  are  understood  to  be  in  an  advanced 
stat«  of  preparation,  and  will  probably  be  completed  during 
the  coming  year.  In  September  and  Ocfcober,  Mr.  F.  L.  Wash- 
burn was  engaged  in  making  observations  and  coUeetitms  for 
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Dr.  Hatch  in  the  northern  part  of  the  state,  and  has  rendered 
some  manuscript  reports  on  his  work,  which  has  been  turned 
over  to  Dr.  Hatch. 

The  only  geological  field-work  done  in  1886,  was  that  per- 
formed hy  myself  in  Hennepin,  Ramsey,  Washington,  Dakota 
and  Goodhue  counties.  This  was  intended  to  complete  the 
work  in  those  counties,  and  bring  to  a  close,  practically,  the 
survey  in  the  central  part  of  the  state.  The  palaeontology  of 
the  primordial,  Silurian  and  Cretaceous  strata,  however,  is 
yet  to  be  worked  out  fully  before  the  geology  of  this  part  of 
the  state  can  be  said  to  be  finished.  Were  it  not  for  delays 
and  interruptions  incident  to  the  publication  of  work  already 
done,  the  held-work  could  be  carried  at  once  into  the  north- 
ern part  of  the  state  with  vigor,  and  the  survey  could  be 
brought  to  a  close  in  a  few  years.  It  is  hoped,  however,  that 
notwithstanding  these  interruptions,  it  will  be  possible  during 
the  coming  summer  to  resume  actively  the  work  in  the  north- 
ern part  of  the  state,  which  was  interrupted  in  1879. 
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NOTES  ON  SOME  DEEP  WELLS  IN  MINNESOTA. 

BY  N.  H.  WINCHELL. 

T/ie  West  hotel  well,  Minneapolis.  This  well  was  drilled  by 
Mr.  W.  E.  Swan  in  the  summer  of  188i.  Its  purpose  was  to 
secure  a  supply  of  good  water  for  the  West  hotel.  The  water 
stands  at  twenty-four  feet  below  the  surface.  The  well  is  622 
feet  deep.  Pumping  iit  the  rate  of  300  gallons  per  minute, 
lowers  the  water,  according  to  Mr.  Swan,  about  three  feet  in  the 
pipe.  The  first  water  was  encountered  in  No,  8,  a  white  sand- 
rock,  at  168  feet,  below  a  bed  of  four  feet  of  red  shale,  the 
same  that  was  met,  with  the  same  result,  in  tlie  well  at  the 
Washburn  C  mill.  The  point  of  commencement  of  the  West 
hotel  well  is  from  five  to  ten  feet  higher  than  that  of  the 
Washburn  G  mill.  It  is  in  the  basement  area,  about  ten  feet 
below  the  surface. 
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The  Lakewood  Cemetety  tcell,  J^finneapolU.  The  drilling  i)f  the 
deep  well  at  the  Ljtkewood  cemetery  was  <;ontiiiueil  tu  the 
depth  of  2,118  feet.  Samples  of  the  drillings  snid  to  have 
come  from  this  depth  show  a  reddish-brown  schistose  or  shaly 
rock,  like  much  of  that  above  in  the  same  drill,  and  iijipiir- 
cntly  belonging  still  in  the  Cupriferous. 

The  general  summary  of  this  well  given  on  page  54,  of  thf 
13th  unniial  report,  would  harmonize  better  with  facts  derived 
from  the  deep  well  at  elevator  B.  St,  Paul,  and  perhaps  with 
others,  if  it  were  slightly  inodified.  With  this  iiioditicatiim 
there  is  nothing  in  the  record  to  interfere. 

It  would  be  as  follow.s: 

1.  Drift,  1— IJMIM ItMfKl. 

a.  WUle  BiiiHlrock.  aw-SjafMl.    rSl.  Peler.)  <!ftet. 

i,  Dolomltio  rock,  31S— 329  rnt.    (sWopee.) lOftet. 

4.  AuDDilaethat  ths  DDreprBHnLsd  Interval  li  m»de  up  ol  wlilte uniUtaiie.    MS— SSOftet. 

Uordin.) SBftat. 

G.  DolomlUc  rock,  geo— (og  fcM.    (SI.  Lawrence. > WAU. 

«.  WUUquuiz  undrock,  liH-CM  Aet.    iMidl»n.) 101  fMt. 

The  Hospital  iretl,  St.  Peter.  Through  the  co-operation  of 
Dr.  C.  K.  IJartlett,  sujieriiitendent  of  the  hospital  for  the 
insane,  the  following  record  has  been  obtained  of  this  well: 
Tt  was  drilled  in  the  fall  of  1K8.').  This  well  begins  at  the  foot 
of  the  river-bluff,  not  far  aliove  the  level  of  high  water  of  the 
Minnesota  river.  There  had  before  been  excavated  here  a 
reservoir  for  water  and  a  piimp-house  erected  for  throwing  the 
water  to  ii  higher  level,  for  the  use  of  the  hospital.  This  res-  ■ 
ervoir  was  fed  by  springs  issuing  from  the  sandstone,  of  which 
the  bluff  is  mainly  composed.  At  the  de|)th  of  116  feet  the 
water  began  to  flow  over  the  top  of  the  pipe,  which  was  driven 
into  the  rock  to  protect  the  drill,  and  ruse  above  the  ground 
about  two  feet.  The  flow  gradually  increased  to  the  Iiottom 
of  the  well,  which  is  200  feet  below  the  point  of  beginning. 
The  water  will  rise  in  a  tul)e  seven  feet  above  the  ground,  or 
some  ten  feet  above  the  original  level  of  the  reservoir,  and  at 
least  twenty-five  feet  above  the  level  of  low  water  in  the  river. 
This  record  is  valuable,  as  it  throws  light  on  the  stratigraphy 
of  the  upper  part  of  the  Cambrian  in  that  part  iif  the  state. 
The  record  furnished  by  Dr.  Bartlett  is  as  follows: 

1.  Onrsl  ind  loose  rock !E'al. 

2.  Sandrock,  (Jordmn) SSftet. 

3.  Pink  llmewone,  (St.  Lawrence) 70h«t. 

4.  Oray  Mndrock,  hsrd ISCeM. 

5.  PJnk  llmtatoiie  rock lorni. 

«.    Red  Kind  rock ». WftM. 

Tot«l ISTfecl. 
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This  record  was  very  carefully  kept,  necordingf  to  Dr.  Bart- 
lett,  by  the  man  who  drilled  the  well.  The  drillings  were  ex- 
amined by  him  every  four  feet,  as  the  work  went  on.  No.  2. 
above,  ia  seen  in  the  river  bluft'  udjacent  to  the  purap-house, 
nnd  rises  about  twenty  feet  higher  than  the  top  of  the  well, 
making  its  total  thickness  about  S5  feet.  The  rest  of  the  bluff 
consists  of  magncsian  limestone,  the  same  that  is  quarried  at 
Kasota,  nnd  continues  for  some  distance,  having  a  thickness 
of  about  twenty  feet.  It  is  the  same  as  that  quarried  formerly 
At  the  Hospital  building,  and  was  used  in  its  construction. 
It  was  described  in  the  third  annual  report,  page  143,  and  eon- 
aidered  to  be  the  Shakopee.  There  remains,  now,  some  doubt 
whether  the  stone  quarried  at  Maukatn  is  the  equivalent  of 
this  upper  limestone.  It  aeems  rather  to  agree  in  thickness 
with  the  lower  one. 

The  Manhato  icell,  vTHs  diiWed  in  the  early  part  of  the  year 
1885,  but  unfortunately  no  drillings  were  preserved  systemati. 
cnlly,  nor  any  record  of  the  boring  kept  as  the  work  proceeded. 
From  Prof.  A.  ¥.  Bechdolt  the  following  information  has  been 
■lerived.  The  well  is  on  tht;  land  of  Mr.  Carstadt,  oue-nnd-a- 
half  blocks  west  of  the  oil-well,  on  Third  street.  It  is  situat- 
ed within  the  general  valley  of  the  Minnesota,  and  west  of  the 
strike  of  the  limestone  bluff.  It  in  ninety-i^ix  feet  doej).  The 
clay  begins  at  45  feet  below  the  surface  and  is  28  feet  thick. 
Wa,ter  rose  to  the  surface  at  once  on  penetrating  through  this 
flay,  and  continued  to  increase  to  its  maximum,  which  occurred 
at  8  feet  depth  in  the  rock  under  the  clay.  This  rock,  which 
was  entered  21  feet,  is  described  by  the  owner  as  variable  in 
hardness,  having  layers  that  were  soft  about  six  to  twelve 
inches  thick,  alternating  with  hard  ones  that  were  from  twelve 
to  eighteen  inches  thick,  the  last  hard  layer  being  about  three 
feet  thick. 

Prol.  Bochdolt  HDt  ■  ■iDf'tB  UDipie  ot  Iba  drlUlngs  from  Iha  rock  b«low  t)w  blue  clajr,  bat 
tma  DD  deflille  burlzon.  Thsj  «re  veiy  flns,  light  gny  In  color,  homogBnaona,  and  noder  tLe 
lUBgniasrBppnr  tobamslnly  qnirtz.  Wbsa  maeniasd  sboDt  artrdlamstsn  thsyihoirilla. 
ilDctlj  tbit  tbcr  irsimlDly  oT  ingDlir  gnlpt  of  tiinilncent  qairtz.  Dot  »  all  watar-wDrn 
bat  pitted  and  nllCDiated.  Tbey  Klso  thaw  ■  l^w  brown  lualet  of  what  apptara  to  be  Bome 
orgnulc  ■Dbatanev,  On  thaapplleatlon  oThydrochloiie  acid  th<  poirder  foams  np  aomewhat, 
-  bot  tbM  la  dne  to  the  prsHDCB  of  »nis  lolable  graini,  Ibe  great  part  of  the  powder  being  Inert' 
Thegnloa  polarlu  tlkeelllei.  Thejr  are  not  like  aef  hetcwTore  aeea  In  the  l;ftnibri*n ,  bat  are 
probably  tioia  tba  Cralaceong  nod  were  apparentlj  wanhed  rrom  a  cUf  or  ehale  oflhat  age. 
Mownn  Beg.  do.BllS. 
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The  Herman  well.  Mr.  Charles  Pullman  drilled  a  well  at 
Herman,  for  the  convenience  of  his  hotel.  At  150  feet  lie  sent 
a  sample  of  gray  syenitic  rock  containing  aaoft,  ^apy,  foliated, 
light  green  mineral.  At  the  depth  of  152  feet  the  rock  i» 
essentially  the  same,  but  the  drillings  are  finer  and  rusty. 
Museum  Ilegister  Nos.  6116  and  6117. 

The  Brown's  Valley  well.  This  is  an  artesian  well,  made  in 
1884.  It  is  located  in  the  valley  that  runs  between  the  Big 
Stone  and  Travers  lakes,  about  150  feet  below  the  general 
level  of  the  prairies  in  that  part  of  the  state.  A  stream  about 
an  inch  in  diameter  flows  from  this  well.  The  first  overflow 
was  had  at  the  depth  of  420  feet  and  the  second  at  425  feet. 
According  to  Mr.  J.  0.  Barrett  the  strata  in  this  well  were  as 
follows: 

1.    Bine  day,  frrovlng  durhsrind  danoerto SSOftrl. 

S.    DsriE  cirbonueona  ihiile,  hard  ind  hearr,  Maaenm  Raglgter,  fio.  Bll! UIM. 

i.    Gnval  tna  rand,  ■lumnlLngnJLh  iHyen  of  blue  cinr fH  (M. 

[At  Ills  butCom  of  tbis  mi^tha  SmI  urlesUa  vater  ] 

«.    "(inirti  rock-" Bftet. 

[Under  tbia  wm  tha  pnsenl  Dov  of  artnlaa  water.] 

B.    Gnenlih.  nlcacwiiB.  kaolin Ic  ibil«.  or  clar.    Muvnni  Regliiar.  No  aiis 20tnt. 

e.  Rntber  course,  nnsDlar  qnartx  grslDB,  ■ppnrenlly  wastwd  rrom  tba  drll]liiE«. 
UiiiMDtn  RegiiterMo  8114.  Tb»M  are  Eenanllf  white,  opaque  and  wbollf  nn- 
water-wora.    They  contain  some  ollve-griy  gralaa  Ihat  appear  tdbe  mads  up  of 

■avenlarDallHalliceoniEralnacamentad,  llkeaame  aeon  In  tba  Tracy  wall SOltet. 

Total  deptb Wfeat. 

The  water  flows  steadily,  ahout  225  barrels  each  twenty-four 
hours,  and  is  said  to  have  a  pressure  that  would  cause  it  to 
rise  above  the  surface  about  200  feet.  It  is  soft  and  "soaps" 
profusely,  and  possesses  certain  curative  qualities.  The  strata 
penetrated  all  pertain  to  the  Cretaceous  formation.  For  the 
chemical  qualities  of  this  water,  the  reader  may  consult  the 
analysis  of  Prof.  J.  A.  Dodge  in  another  chapter  of  this  report. 

The  Milhank  well.  This  is  at  Milbank,  Grant  county,  Dakota. 
The  following  information  is  given  on  the  authority  of  Mr. 
J.  W.  Williams.  The  total  depth  is  a  little  over  300  feet,  but 
granite  was  struck  at  283  feet,  (Museum  Register,  No,  6125,) 
and  was  drilled  into  about  20  feet.    The  alternating  strata  were: 

U.    Shale 300 IM. 

3.  Gravel,  ■^lamibMla"  and  pcbblea, .' SAM. 

4.  Granite iOnet. 

Tolatdeplb 303  teat. 


.vGoogIc 


STATE   GEOLOGIST.  1& 

The  Rosenfeld  Sta.  tcell.  Following  is  the  record  of  this 
well,  as  given  by  Mr.  W,  E.  Swan  who  drilled  it.  It  is  on  the 
Canadian  Pacific  railway,  southwestern  branch,  twenty  miles 
northwest  of  St.  Vincent,  It  is  interesting  in  view  of  the  ex- 
teneion  of  the  St.  Vincent  salt  basin  so  far  in  that  direction. 
It  was  from  this  well  that  was  procured  the  boulder -clay  in 
which  were  found  Cretaceous  microscopic  fossils  as  described 
by  Dr.  G.  M.  Dawson  in  the  last  report,  p.  157. 
I.   stick  (ou 

8.  BlM  clBf 1 

a.  Eknd  and  Kra*el 10  fM. 

4.  Hani  pin.  idlow 

5.  Boulden 

S.  GntraliU (Uftet. 

7.  T*lk>«  Umerock WttM. 

8.  XeddMle ...61 

9.  Onj  Bbil* 10 1 

10.  Brown  (hxJjF  Jlmntoiia  (flair  of  ult  mlcr) lOttat 

11.  QrnjMaaa-fbMlt tOtM 

ta.  cbaik.  <riiii* sorMt. 

13.  RBddwIi...* ICO 

11.  Mipi0liD llnunck  (•vcond  llowotwItTBlB') SOti 

15.  Rut  shala 7SI 

IS.  Reddlah  faodrock (0 

IT,  Ked  ihals UIMI 

IS.  Hliad  rtd  and  |T*7  *b'il> 

19.  Orayitola SOCeet. 

Ml.  Red  (bale,  qnartt; IS 

«.  Oranll* .* 


Teuldapth... 


The  Sleepy  Ei/e  well.  This  well  is  three  miles  southeast  of 
Sleepy  Eye,  on  the  bank  of  the  Cottonwood  river.  The  follow- 
ing information  is  given  on  the  authority  of  Mr.  C,  M.  Phelps, 
who  drilled  the  well.  The  granite  struck  at  the  bottom  of  this 
well  is  red  and  chloritic. 

.    DrUI.  (Kill  ke.) 

GriTal.  giving  mlaraboat Sfott. 

.    n*;,  wIlhDDt  pebblaa 30 IM. 

.    SnT*]  and  land  (wllh  water),  ali^t S  rw 

.    Ciayllkalbalail,  (wUb  water  at  SO  f«et] Wtn 

.    Pebbly  claj 100  Hh 

.    Cuana  gnral.  aboat £flM 

'■Wli!iaeJi]r,"«llhnopebblaa,c(inialilngDns  tUn  atratnm  of  brownUi  »d  clar,  B8  feat. 

~  ly  aim  lilt  to  lbs  lot,  batuf  KunnrbBt  darkar  color 

.    Rad  gnnlu-drill>d 

Total  depth S 

Ur.  Pbclpa  ilaodiillada  irtil  about  foar  tnilea  lODtbwnt  from  Now  Uln.  ontbafikrm  <tf  L. 
llBfera.    Tbla  want  tbrongh  "clny"  about  two  hundred  reet,   and  Iban  met  wlihaooane 
made  np  of  a  great  Turktjr  or  rock-fngmenti,  though  mainly  ortranilncenl  quirti.    So 
tba  gralea  are  roaeded  aa  eoniplelatr  ai  )o  aoni*  ol  itie  Cambrian  nnd-Monea,  but  tba  m 
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ttom  us  bnt  flight Ir,  or  not  it  mil,  witar.worD.  Soma  orthaquirlz  gnini  Bra  rote-red,  *om« 
iinDpaqi]«.wh]ta,«oiiiB>reTe11owlib,  pome  are  rram  a  preilotuly  gnnalar  qaartirtoMid  ooo- 
tiln  maDj  imaller  gruEna,  aome  an  dark  brown,  aome  are  tranaltionit-iny,  aod  aonwaraof  ■ 
Kgtit  imiulnceat-gracD.  Amonggt  the  qoarti  gnlpi  are  alio  a  great  ninn7  that  an  oltn-graf 
and  opaqnt,  litre  tfaoB  mentioned  alrsadf  \a  No.  S  or  the  Browa'a  Valler  veil.  Tha.gtilna 
that  are  not  or  para  qnartz,  an  otadark-[nmi  lo  blark  color,  and  anof  vailanaklndBDriiard, 
aplianitle  rock.  Tbaa  dark  gralnt  coaatitDte  perfaapc  nne-tentb  part  ol  the  wbol*.  making 
Ifae  maaa  prenni  a  pepper.Hod.iuilt  aapMt.  Ilw  whole  Mama  lo  coma  ftom  th«  CretaceoDa. 
Mnwnm  Reglater  No.  tSM. 


The  AiDttin  derp  irell.  The  drillings  from  this  well  were  pre- 
sented by  Mr.  W,  E,  Swan,  imd  were  mentioned  in  the  Museum 
report  for  1881.  page  162,  with  Mr.  Swan's  designations.  The 
water  rose  to  within  nine  feet  of  the  surface,  from  a  crevice 
which  furnished  water  itt  the  depth  of  one  hundred  and  siity 
feet.     These  drillings  liave  the  Mus.  Keg.   Nos.  4287  to  4295. 

1.  Black  loamr  Mil.    (4aW) tlat. 

3.  VellowBlay,  wltheomeqnarWwnd!  drtft,  <4S88) 12**. 

S.  Drift  sraTel,  coarse,  |4)8ft) SOftrt. 

i.  Qnj,  or  blue,  Cretuwna  ahile.  (U90) , altat. 

5.  Umntona,  IJibt  grajr,  naarlj  vhlle,  eArreacIng  Ireal;.    Ameng  theae  drllllDgi  an 

Borne  or  tbem  are  pentagonnl,  bat  tbe  moat  are  ronnd.    The^  b*Te  twentf-flrs 

rtdgee  and  aemai>r  grooTei  alternating,  on  each  aide tt  ftet. 

G.    Floelf  aronacsooa  ihale,  light,  greenlab-gnr,  nearl;  wblie,  hardlj'  gO^rvejcIng Kltel. 

7.  Tbeaa  drltllngi  Indlcale  a  llmealone  conglanxrata,  with  aome  calclte,  and  a  -ntj 

little  pjiite;  (he  Interellces  between  tbe  pebblea  betng  filled  wltb  aend,  acme  oT  it 
txlng  roanded  nblteqairti.  Ammig  theeadrllllnganlao  aresmail  crlnoldal  Joints.  M  (bet. 

8.  Light-gnj,  erf  iitBlllne  limestone,  with  fragmenta  of  foaalla.  InolndlDg  email  crfn- 

oldnlbeadi.    Somewhat  pjrtllftrooi BOteet- 

9.  Bounded  pebWe  of  llghl-grar  magoeeian  llmealona,  two  and  one-half  bj  three  and 

on^halr liKhea  In  diametor.    This  Is  from  the  depth  of  ISO  reel,. and  banco  IVom 

tbe  foregoing  conglomersle.  

Total  depth KOhet. 

This  well  seems  tn  pass  acruss  the  horizon  of  superposition 
of  the  Devonian  on  the  Silurian.  Some, of  these  limestone 
drillingK  appear  like  the  Xiaftara  limestone,  particularly  N(). 
5,  and  the  conglomerate  suggests  the  horizon  of  the  Oriskaiiy. 
The  "Austin  rock"  seems  not  to  !ipi)ear,  but  its  jdaec  is  occu- 
pied by  drift  and  Cretaceous  shale.  The  shale,  No,  6,  very 
much  resembles  that  mentioned  on  pages  ;)61  and  ;16:J,  of  vol. 
i.  of  the  final  report,  which  occurs  about  a  mile  and  a  half 
north  "f  IJrand  Meadow,  in  this  county. 

[Tlieae  note."  are  vonfiiiueil  in  the  appendi.'-.] 
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SCRIPTIONS OP  SOME  NEW  SPECIES. 


ByO.  w.oebtlund. 


Bub  few  remarkB  will  be  necessary  m  introdnctory  to  the  fol- 
lowiDg  Hst  of  the  Aphididfe  of  Minnesota.  The  extent  of  terri- 
tory covered  is  Hennepin  and  Ramsey  connties;  and  the  time  of 
observation  extends  over  the  greater  part  of  the  collecting  season 
of  the  present  year,  with  some  special  time  given  to  it  during 
September  and  October. 

From  the  inability  to  preserve  specimens  of  this  family  satis- 
factory  for  study,  as  can  be  done  with  most  of  the  other  families 
of  insects,  I  have  made  it  a  practice  to  take  as  full  notes  as 
possible  of  the  species  from  living  specimens  as  soon  as  found. 
It  is  from  these  notes  that  the  tollowing  list  has  been  drawn  up. 
Probably  a  more  prudent  plan  would  have  been  to  conliaae  these 
notes  yet  for  one  or  more  seasons,  in  order  to  verify  many  of  the 
observations  and  to  be  able  to  present  a  more  complete  list  of 
the  locality.  But  if  allowance  be  made  for  any  short-coming 
that  will  be  foand  on  account  of  a  too  limited  time  of  observa- 
tion, I  think  it  will  yet  be  found  to  contain  matter  that  will 
jostiiy  its  immediate  presentation. 

The  study  of  this  family  especially  presents  many  difficulties 
that  can  not  be  overcome  except  by  patient  and  long  extended 
observations  over  the  state,  with  the  co-operation  of  many 
observers.  It  is  in  the  hope  also  that  the  following  list  may 
induce  some  of  oar  naturalists  and  others  favorably  situated  to 
aid  this  department  by  their  notes  and  observations,  as  has  so 
successfully  been  done  in  the  department  of  botany,  that  as  soon 
as  possible  a  complete  presentation  can  be  made,  not  only  of  this 
family  but  also  of  others,  so  far  as  onr  own  state  is  concerned. 
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The  economical  value  of  this  stud;  I  need  not  here  mention. 
Every  gardener,  horticulturiBt  and  farmer  who  has  in  the  least 
obaerved  the  work  of  these  insects,  will  know  to  what  extent 
their  injary  may  accrue  in  spite  of  their  small  size  aad  feeble 
appearance.  But  to  be  able  to  rightly  interpret  the  economical 
relation  of  any  family  or  order  of  insects,  it  will  first  be  necessary 
to  have  a  full  and  systematic  knowledge  of  that  family,  not  only 
in  regard  to  the  species,  hut  especially  of  the  life  histories  and 
habits,  on  which  to  base  oar  conclusions.  Prematurely  drawn 
conclusions  and  advices  are  too  o^n  worthless. 

Not  a  few  of  our  American  entomologists  have  given  con- 
siderable attention  to  this  family,  but  still  we  are  only  on  the 
threshold,  as  the  number  of  species  for  this  country,  without  any 
doubt,  will  be  more  than  doubled.  Among  the  more  important 
works  of  these  writers  may  be  mentioned: 

.f\teh.  Am,  Valasble  matter  will  be  roatiil  In  muir  of  bi«  eatomologlcal  papen. 
Walth,  B.  D.,  Od  the  genera  of  Aphldldie  round  In  the  Uniled  Btdei.    (In  1h«  proCMdiDga 

of  the  Entomological  Sociely  of  Philadelphia,  Dec.  1802  I 
Tlioma:  Cyrw,  Kighlh  report  of  the  slate  onlnmologiBl  on  the  noilouB  aad  bcneflctal  in- 
sects of  ttis  Htale  or  lllinDlB,  ISTS.    (The  moat  comp'eU  work  or  all  (be 

S»t»  C.  7 ,  and  MnnrlC,  J..  Nolu  on  Cba  Apbidldie  of  the  United  SUtes,  with  descrlptiona 
or  epecles  occiirloK  west  nl  Ihe  UieelMlppi.  (In  the  bulletin  o^  the 
United  Slates  Oeologlcal  and  Osograplilcal  Snrvej  or  the  Tarrltorieg. 
Vol,V„So.  1,  J8T9.t 

The  systematic  classification  both  of  the  species  and  genera 
found  in  America  is  still  very  unsatisfactory.  I  can  offer  very 
few  or  no  suggestions  in  this  line,  from  my  knowledge  of  the 
family  being  too  limited,  and  from  the  want  of  some  of  the  more 
important  foreign  works  treating  of  this  family.  The  lack  of 
literature  is  probably  the  greatest  want  that  the  frontier  natural- 
ist has  to  encounter.  The  large  libraries  of  this  country  are  all 
faro£fin  the  East,  and  our  own  are  still  in  their  infancy;  it 
therefore  often  takes  months  if  not  years  to  procure  the  desired 
work.  Some  of  the  species  on  a  closer  study  and  comparison  will 
thi^refore  probably  be  found  synonymous  with  European  species, 
but  I  think  it  will  not  be  in  many  cases,  as  most  of  them  are 
found  on  plants  indigenous  to  this  conotry,  and  can  be  con- 
sidered as  native  species. 

In  two  cases  have  I  found  it  expedient  to  erect  a  new  genus;  if 
valid  or  not  future  work  will  have  to  show. 
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Id  regard  to  the  life  history  of  the  family  there  are  two  facts 
that  I  would  here,  as  briefiy  as  possible,  call  attention  to.  Ever 
since  the  time  of  Reaumer,  entomologists  and  naturalists,  in 
speaking  of  the  life  history  of  the  plant-Iice,  have  iayariably  had 
the  statement  to  the  effect  that  the  last  brood  in  the  fall  is  com- 
posed of  winged  males  and  females,  and  that  after  the  sexual 
union  of  these  the  eggs  are  laid  by  the  winged  females.  Even 
entomologists  of  oar  own  time  have  fallen  iato  the  same  error, 
although  facts  to  the  contrary  are  well  known;  errors  that  too 
many  writers  fall  into  from  quoting  authors  and  not  nature. 
The  relation  of  the  different  forms  as  now  known  to  entomolo- 
gists, and  whiuh  is  in  accordance  with  my  own  observations,  I 
find  to  be  as  follows :  The  first  brood,  or  spring  brood,  as  it 
might  well  be  called,  is  altogether  composed  of  the  apterous 
Tiviparons  females,  whose  sole  object  is  the  multiplication  of 
the  species,  or  rather  the  growth  of  the  colony.  But  as  the  sea- 
son advance  and  the  warm  summer  days  hare  come,  a  different 
brood  begins  to  make  its  appearance,  composed  of  the  winged 
Tiviparous  females,  and  can  be  called  the  summer  brood.  These 
not  only  continue  to  increase  the  colony  in  the  same  way  as  Ihe 
foregoing  form,  but  in  addition  thereto  their  object  is  the  distri- 
bution of  the  species,  and  the  founding  of  new  colonies.  So  far 
males  are  very  rare  or  not  to  be  found  at  all,  and  they  have  no 
relation  to  the  winged  viviparous  females.  The  last  brood,  or 
fall  brood,  is  composed  of  winged  males  and  apterous -oviparous 
females,  and  after  the  sexual  union  of  these  the  eggs  are  laid  by 
the  females  for  the  next  season.  This  I  find  to  be  the  general 
rule  for  the  family,  at  least  for  all  the  higher  genera,  and  I  think 
will  give  us  a  more  correct  interpretation  of  the  different  forms; 
although  a  more  detailed  account  will  show  many  variations  and 
some  exceptions. 

A  second  fact  is  in  regard  to  apterous  males.  The  occurence 
of  this  form  has  been  noticed  before  by  some  European  entomolo- 
gists, but  the  fact  seems  not  so  far  to  have  been  confirmed  by 
oar  American  entomologists.  In  the  genus  Siphonophora  I  have 
observed  them  in  several  different  species,  and  iu  one  (Sipho- 
nophorafrigidcE,  described  in  the  following  pages)  this  was  the 
only  form  that  could  be  found. 
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I.-Genus  SIPHONOPHORA,  Koch. 

Held  nnrrow  and  Hib-qnailritF. 

AdIsbdw  on  dtnJDCt  (ninUl  tulwrclefl.  ipproilRiilc  al  bad':  longer  or  m  leul  v  loni;  u  lh> 

bodr:  Ihird  Jnini  long,  ilwaf*  longer  ibin  llir  fonnh:  Hvtnlh  nliiranii'  and  Inng, 

tDmeumea  lone^r  Ihan  the  italrd. 
BjMWiIbadlMlnci  tubercle;  orelll  prewntanri  uaDnll;  coDtpicuong. 
B«ak  moderaleJj  long. 

Prolhorax  large,  amoolb  or  trannverMlJ  HliDkled:  vllb  no  Iar«ra1  InbiTCle. 
Wlnga  nrj  lung  and  nirmw. 
Liigi  long  and  alsoder. 
Han»y-loti«  viTj  long,  naaallyexlendlDg  berrnid  the  Hpof  the  abdomim:  ovliudrical,  never 

enlarged  In  middle  orclavate. 
SIrle  long.  DiDslly  curved  apwaidn.  ofUn  cnmprened,  falcblon-*hipcd 
Uanallj  tonad  In  large  colonle"  on  herbacMus,  or  on  Ihe  leavw  of  woody  planlr. 
Typical  Atnertcan  apeclea,  ^■pHanopAnm  ronr,  Reanm. 

1. .  Slptaonophora  rndbeckise.  Filch. 

Found  abundantly  throughout  tb«  season  on  Sulidago  serotiita, 
Ait.  and  SUphium  perfolialum,  Linn. 

2.    Sipbonophora  ambrosiie,  Thomas. 

Very  abnndaDt  during  Atiguat  and  September  on  Ambrosia 
trifida,  Linn. 

3.    Slpbonopbora  frlgidse,  n.  sp. 

Habit.  Found  on  Ai-temisia  frigida,  Willd.  A  well  character- 
ized species  on  sccouut  of  itii  shining  dark -green  color  contrasting 
well  with  the  white  silky  color  of  the  plant  it  inbabita.  In  sizR 
smaller  than  Siphonophora  rudbechuB.  Winged  specimens  of 
TiviparouB  females  were  seen  during  the  summer,  but  no  de- 
scription was  taken  of  them  at  the  time.  I  can  only  say  they 
were  quite  similar  to  the  apterous  form  both  in  color  and  general 
appearance;  the  venation  of  the  wiugs  beiug  as  usual  in  this 
genus. 

Apterous  form.  Of  a  very  uniform  shining  dark-green  color, 
somewhat  of  a  metallic  luster.  Head  narrow,  subquadrate, 
usually  slightly  darker  than  the  rest  of  the  body.  Eyes  black, 
with  a  small  and  blunt  ocular  tubercle.  Antennte  on  prominent 
frontal  tubercles,  about  as  long  as  the  body;  III  longest,  IV  a 
little  shorter,  V  a  little  shorter  than  IV,  YI  about  one-third  of 
V,  VII  as  long  as  III  or  sometimes  longer;  color  black,  except 
the  base  of  III  slightly  paler.     Beak  moderately  long,  reaching 
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second  cozie;  third  joint  rather  long  and  strongly  pointed;  color 
black.  Legs  all  black  with  the  basal  half  of  the  femora  slightly 
paler.  Abdomen  rather  long,  widest  in  the  middle,  cylindrical 
(or  in  oviparous  females  with  the  sidea  slightly  emarginatej 
with  a  row  of  small  impressed  dots  of  black  along  the  margin 
above  the  insertion  of  the  honey-tubes;  dorsum  ia  often  slightly 
tuberculated,  especially  in  young  specimens,  the  tubercles  giv- 
ing rise  to  short  and  slender  hairs.  Honey-tubes  black,  cylin- 
drical, reaching  to  the  tip  of  the  abdomen,  aa  long  again  as  the 
tarsi,  not  smooth,  but  appearing  as  if  covered  by  short  appressed 
scales  when  seen  under  the  microscope.  Style  black,  greenish  at 
base,  slightly  narrowed  in  the  middle,  rounded  at  tip,  about  two- 
thirda  as  long  as  the  honey-tnbes.  The  anal  plate  of  oviparous 
females  is  very  long  and  conspicuous;  black,  hairy.  Length  of 
body,  .08;  the  oviparous  females  are  somewhat  larger. 

Apterous  males.  The  occurence  of  this  form,  as  noticed  by  a 
few  European  entomologists,  is  still  accepted  with  doubt.  Why 
so  few  have  observed  this  form  ia  probably  from  the  fact  that 
they  have  been  mistaken  for  larva  or  undeveloped  specimens, 
and  therefore  no  special  attention  been  given  to  them.  That 
the  males  as  a  rule  are  winged  I  think  there  is  no  doubt  of,  and 
the  occurence  of  wingless  must  be  considered  as  an  exception. 
Wingless  males  have  been  observed  in  both  of  the  above  men- 
tioned species,  and  in  one  or  two  others  belonging  to  this  genus. 
In  the  species  under  consideration  this  form  seems  to  be  the 
rule  and  not  the  exception.  During  the  aummer  ^hen  winged 
specimens  were  observed,  only  oviparous  females  were  found, 
no  males  being  seen  at  the  time.  I  did  not  look  specially  for 
them  as  I  felt  confident  they  would  be  found  further  on  in  the 
season,  but  after  a  moat  .diligent  search  for  them  during  Sep- 
tember and  October,  when  the  egga  were  deposited,  not  a  single 
winged  specimen  could  be  fouud.  A  great  number  of  the  wing- 
leas  males,  described  below,  were  taken  repeatedly  during  this 
time,  and  taken  often  in  congress  with  the  wingless  oviparous 
females,  so  there  can  be  no  doubt  of  their  being  fully  developed 
individuals. 

Description.  General  color  dark  reddish -brown,  in  this  resi>ect 
differing  much  from  the  uniform  greenish  color  of  the  other 
forms.     Head  of  the  same  color  with   the  body.     Antennse  as 
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long  as  the  body  or  usually  a  little  longer,  black,  except  the  base 
of  III  which  ia  slightly  pale;  III  longest,  lY  and  V  subequal, 
VI  one-third  of  V,  VII  as  long  as  III,  or  sometimes  longer. 
Eyes  with  the  ocular  tabercle  short  and  hlunt,  no  ocelli.  Beak 
reaching  second  coxte,  third  joint  rather  long  and  pointed.  Legs 
black,  except  the  base  of  the  femora,  and  alfo  the  tibi«  some- 
times slightly  paler.  Abdomen  longer  than  broad,  being  rather 
longer  and  narrower  than  usual  in  males;  fiat  above,  sides  mar- 
gined, and  with  a  row  of  black  impressed  dots  above  the  inser- 
tion of  the  honey-tubes.  Honey-tubes  cylindrical,  black,  hardly 
twice  the  length  of  the  tarsi,  and  not  more  than  reaching  to  the 
tip  of  the  abdomen.  Style  about  two-thirds  the  length  of  the 
honey-tubes,  black,  narrowed  at  base  and  rounded  at  tip.  The 
anal  plates  are  black;  the  upper  rounded  at  end;  the  lower  di- 
vided into  two  diverging  lobes  or  projections  which  are  cylin- 
drical, black,  and  very  hairy  on  the  under  surface.  Length  of 
body,  .08. 

The  eggs  of  this  species  are  laid  by  the  oviparous  females 
during  October  in  very  great  numbers  between  the  leaves  on 
top  of  the  branches.  Being  tucked  in  between  the  hairy  leaves 
they  soon  become  firmly  fastened  to  them  by  the  hardening  of 
the  viscid  substance  that  covers  them  when  first  laid,  and  as  the 
leaves  are  persistent  over  winter  they  are  well  protected  and  in 
the  very  midst  of  food  when  the  larvse  hatch  the  following  spring. 
When  first  laid  they  are  greenish,  but  soou  become  shining 
black  by  the'  hardening  of  the  outer  shell  on  exposure.  In  form 
oblong,  cylindrical,  as  long  again  as  broad,  rounded  at  both 
ends,  very  smooth  and  shining;  length  about  .03. 

4,    Siphonopbora  chrysantheinl,  n.  »p. 

Habit.  Found  on  the  fiower-stalks  and  heads  of  Biilenit 
chrysanthemoides,  Michx.  What  relation  this  aiwciea  has  to  the 
European  Aphis  chnjsanthemi  I  can  not  at  present  say.  It  ia 
probable  that  they  may  be  the  same. 

Wingedform.  Head  black  or  blackish.  Eyes  dark  reddish- 
brown,  with  a  prominent  ocular  tubercle;  ocelli  present,  bordered 
by  a  ring  of  black.  Antenns  on  moderately  prominent  tubercles, 
about  as  long  as  the  body  or  a  little  longer;   I  twice  as  large  as 
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ir,  III  longest  and  cicatrized,  lY  a  HtUe  shorter  end  nearljr 
smooth,  V  a  little  ehorter  than  IT,  VI  about  one-half  of  V, 
yU  nearly  or  quite  as  long  as  III;  color  black  with  the  base  of 
III  slightly  paler.  Beak  reaching  second  coxeb  and  as  usual. 
Thorax  with  all  the  lobes  black.  Wings  hyaline,  veins  slender, 
brbwnish;  third  discoidal  obsolete  at  base;  stigmal  vein  not 
much  carved,  straight  the  greater  part  of  its  length;  stigma  long 
and  narrow,  pointed  at  both  ends,  forming  a  distinct  angle  at 
the  origin  of  the  stigmal  vein,  yellowish-brown  in  color.  Legs 
pale  except  the  apical  half  of  the  femora,  and  the  tip  of  the 
tibiee  with  the  tarsi  black.  Abdomen  greenish -black;  honey -tubes 
reaching  to  the  tip  of  the  abdomen,  cylindrical,  slightly  thicker 
at  base  and  tip,  black  in  color.  Style  about  one-half  as  long  as 
the  honey-tubes,  pale,  slightly  curved  upwards,  thickest  in  the 
middle..   Length  of  body  .10;  to  tip  of  wiugs  .16. 

Apterous  form.  General  color  greenish-black,  varying  to  a 
pale  greenish -brown.  Eyes  with  ocular  tubercle.  Antensfe 
shorter  than  in  the  winged  form,  about  one-half  as  long  as  the 
body,  or  not  more  than  reaching  to  the  base  of  the  honey-tubes; 
III,  IV  and  V  snbequal,  YI  shortest,  VII  longest;  blackish 
except  at  base.  Honey-tubes  as  in  winged  form,  but  somewhat 
shorter,  black.  Style  about  two-thirds  the  length  of  the  honey- 
tubes,  pale.  Legs  pale,  with  the  tips  of  the  femora  and  tibiee  with 
the  tarsi  black.  Length  of  body  .08  to  .09;  very  young  larvee  vary 
considerable  in  color. 

5.    SipboDophora  granaria,  Elrby. 

Found  on  the  beads  of  cultivated  wheat  and  oats,  but  not  very 
often  or  in  any  great  numbers.  Also  found  more  sparingly  on 
Fhalaris  canariensis,  L,,  or  canary -grass,  and  on  Poa  anntia,  L. 

6.    Siphonopbora  ludovtciaiiffi,  n.  sp 

Habit.  Found  on  Artemisia  ludoviciana,  Nutt.  Size  large, 
body  covered  more  or  less  by  a  white  powder  so  as  to  be  almost 
of  the  same  grayish-white  color  as  the  plant,  in  this  respect  dif- 
ferini;  much  from  Sipbonophora  frigidee  aa  noticed  above. 

Winged  form.  Head  straight  or  nearly  straight  in  front;  color 
pale  yellowish-green.     Eyes  rather  bright  red;   with  the  ocular 
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tubercle;  ocelli  pr«eent  but  not  ver;  conspicuous,  and  not  bor- 
dered by  a  ring  of  black.  Antenntc  longer  than  the  body;  I 
twice  as  large  aa  IT,  III  very  long,  alightly  cicatrized  on  the 
basal  half,  IV  but  a  little  ahorter,  V  a  little  shorter  than  IV, 
VI  one-half  of  V,  VII  osually  very  long;  color  black  except 
the  two  first  and  the  base  of  III;  smooth,  with  rery  few  scat- 
tered hairs.  Beak  long,  slender,  sharply  pointed,  black  at  tip; 
lobes  of  the  thorax  concolorous  with  the  head.  Wings  as  usual  in 
this  genus,  third  diacoidal  obsolete  at  base.  Legs  black  or  black- 
ish, except  the  base  of  femora  slightly  paler.  Abdomen  green, 
but  more  or  less  covered  by  a  white  powder  as  in  wingless  form. 
Honey-tnbes  reaching  to  tip  of  abdomen,  slightly  thicker  at  bsge 
and  truncated  at  tip;  color  black.  Style  long,  widest  in  the  mid- 
dle, curved  upwards,  yellowish.  Length  of  body  .10;  to  tip  of 
wings  .17. 

Apterous  form.  Size  large,  color  pale  green,  but  whole  body 
rather  thickly  covered  by  a  mealy  substance.  Eyes  bright  red- 
dish-brown, with  ocular  tubercle.  Antenns  as  long  as  the  body 
or  longer,  black;  III  longest,  IV  and  V  subequal,  each  but  a 
little  shorter  than  III,  VI  one-half  of  V,  VII  about  as  long  aa 
III.  Beak  reaching  beyond  second  coxse,  basal  half  pale,  rest 
black.  Abdomen  long,  slightly  margined,  and  with  a  row  of 
impressed  pits  along  the  margin.  Legs  blackish  except  the  base  of 
femora.  Honey-tabes  and  style  as  in  the  winged  form.  Length 
of  body  .12. 

7.    Slphonophora  rosie.  Renum. 

A  single  colony  of  this  species  was  taken  September  Ist,  on 
the  cnltivated  rose. 

8.    Slptaonophora  erlgeronensia,  Tliomns. 

Very  abundant  throughout  the  season  on  Erlgeron  cunadense, 
L.,  or  Canada  flea-bane. 

9.    Siphonoptaora  polygonl,  iValk. 

What  is  probably  this  species  was  seen  during  the  summer  ou 
the  common  knotweed.     {Polygonum  peraicarm,  L.) 
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10.    Stphonopbora  verbeuse,  Thomas. 

Pound  rather  sparingly  on  the  underside  of  the  leaves  of  our 
wild  verbenas. 

11.    Siphonophora  pisl,  Kalt. 

This  species  is  audoubtedly  one  of  the  most  common,  being 
found  on  a  great  number  of  different  plants,  mostly  of  the 
garden,  and  on  introduced  weeds.  What  I  consider  to  be  the 
same  was  also  taken  on  Ui-tica  gracilis.  Ait. 

12.    Siphonophora  achyrantes,  Moneil. 

Found  on  the  leaves  of  Amarantus  albus,  L. 

13.    Siphonophora  corydalls,  d.  sp. 

Habit.  Found  on  Corydalis  aiirea,  Willd.  This  I  believe  is 
the  first  species  found  on  this  order  of  plants. 

Winged  form.  G-etieral  color  pale  ye  Ho  wish -green,  head  and 
thorax  of  a  deeper  yellowish  color  than  the  rest  of  the  body. 
Eyes  bright  reddish -brown,  with  ocular  tubercle;  ocelli  present 
and  bordered  by  a  ring  of  black.  Antennse  on  conspicuous 
frontal  tubercles,  longer  than  the  body,  black  or  blackish,  ex- 
cept at  base  where  thi^y  are  pale,  rather  smooth,  the  third  joint 
slightly  cicatrized  at  base;  I  very  much  larger  than  II,  III 
long,  IV  but  a  little  shorter,  V  a  little  shorter  than  IV,  VI 
about  one-fourth  of  V,  VII  longest,  very  long  and  setaceous. 
Beak  moderately  long  and  stout,  reaching  second  coxeb,  black  at 
tip.  Prothorax  rather  large,  transversely  wrinkled;  mesothorax 
of  unif<irm  color  throughout,  usually  of  a  deep  yellow,  as  the 
head;  the  lobes  smooth  and  shining.  Wings  hyaline,  stigma 
long  and  narrow;  stigmal  vein  strongly  curved,  the  third  dis- 
coid.il  obsolete  at  base.  Legs  long  and  slender,  pale  except  at  the 
joints  and  the  whole  of  tarsi  which  are  black.  Abdomen  rather 
long,  gradually  narrowed  behind,  greenish.  Honey-tubes  very 
long  and  narrow,  cylindrical,  reaching  beyond  the  tip  of  the 
abdomen  and  almost  to  the  tip  of  the  very  long  style,  pale  at 
base,  rest  all  black.  Style  very  long,  about  two-thirds  the  length 
of  the  honey-tubes,  greenish,   thickest  in  the  middle,  slightly 
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curred,  gradually  tapering  to  a  point.  Length  of  body,  (style 
not  included,)  .10;  to  the  tip  of  wings  .18  to  .20.  Honey-tubes 
about  .03. 

Ajiterous  form.  Body  rather  lonj?  and  narrow.  Color  of  a 
uniform  pale  green.  Eyes  rstber  bright  red,  with  tubercle. 
AntennEB  as  long  or  longer  than  the  body;  very  similar  to  the 
winged  form,  but  usually  quite  pale,  except  at  the  joints  and  the 
whole  of  sixth  black.  Legs,  honev-tubes  and  style  as  in  the 
winged  form.     Length  of  body  .10. 

14.    Slphonophora  adianti,  n.  sp. 

Habit.  Found  on  the  underside  of  the  fronds  of  Adiantum 
pedaUint,  L.  The  ferns,  I  believe,  have  generally  been  consid- 
ered as  entirely  exempt  from  the  attack  of  plant-lice,  but  this 
species,  together  with  a  second,  described  further  on,  will  show 
that  even  this  order  has  its  peculiar  species.  Only  apterous 
individuals  have  so  far  been  taken.  They  seem  to  be  rather 
widely  spread,  but  never  occuring  in  any  great  numbers;  usually 
in  small  groups  of  five  or  six. 

Apterous  form.  General  color  bright  lemon-yellow,  sometimes 
gieenish;  in  size  rather  smaller  than  usual  ia  this  genus.  An- 
tennie  longer  than  the  body,  black  or  blackish,  except  the  fron- 
tal tubercles  and  the  first  two  joints,  which  are  of  the  same  color 
with  the  body;  III  long,  IV  and  V  subequal,  VI  about  two- 
thirds  of  V,  YII  as  long  as  Til,  or  a  little  longer.  Eyes  reddish- 
brown,  with  tubercle.  Beak  very  short  and  stout,  not  reaching 
to  the  second  coxae,  rather  bluntly  pointed,  hairy  and  black  at 
tip.  Abdomen  rather  wide  and  rounded  behind.  Legs  pale,  ex- 
cept the  tips  of  the  tibiaa  and  the  tarsi,  which  are  black.  Honey- 
tubes  long  and  slender,  reaching  beyond  the  tip  of  the  abdomen 
and  about  twice  the  length  of  the  tarsi,  pale,  except  tip  some- 
times dusky.  Style  about  one-half  the  length  of  the  honey- 
tubes,  rather  thick  and  conical.     Length  of  body  .06  to  07, 

£g^  of  this  species,  taken  during  Octob'.r,  were  deposited  on 
the  under  side  of  the  fronds.  In  form  cylindrical,  rounded  at 
both  ends,  a  little  longer  than  broiid.  very  smooth  and  shining. 
When  seen  they  were  pate  in  color,  but  undoubtedly  became 
black  on  exposure  as  usual  in  this  genus. 
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Head  more  iTingvsns  and  larger  thu  In 

AMennc  on  modrratelj  iBcge  "ud  Datapproxtniklc  fronial  (aberclea;  lODger  Ihin  Iha  body, 

(at  ieul  Id  Ibo  winged  formi;  [ha  third  and  seventh  joint  loageM. 
Bt«>  large  and  Touid.  with  a  dlitlncl  tubercle;  ocelli  prMent  and  very  conapiCDOus. 
I)«ak  iDoderatel;  long. 
I'rothDTUi  large,  with  a  literal  (abeicle. 
Wings  long  and  narrow  i  SODiellmes  clonded  at  tip. 
LegH  long  nod  alender. 
Hnnej-tuboa  verj  long,  extondlng  far  iMTond  Ihe  tip  of  Ihe  abdomen:  neaallr  much  dllaled 

In  Ihe  middle  and  allglillj  carved. 
Bijle  long  and  CDnaplCDOna. 

The  species  on  which  this  genua  has  been  founded  is  very 
similar  to  Ealtenbach'a  Sipkonophora  rubi,  although  apparently 
specifically  distinct,  and  would  therefore  probably  with  it  be 
included  in  that  genus.  But  the  dilated  honey  tubes,  robust 
style,  protfaoracic  tubercle  and  clouded  wings  (at  least  in  the 
female)  I  think  will  justify  a  separation.  What  importance  can 
be  pat  on  some  of  these  characters  I  can  not  here  discuss,  but  I 
have  reuaon  to  believe  that  these  together  with  other  facts  show 
a  higher  differentiation  than  even  Siphonophora,  and  in  a  strictly 
systematic  arrangement  would  come  before  that  genus. 

1.    Macrosiphuni  rnblcola,  n.  «p. 

Habit  Found  clustered  around  the  tender  twigs  and  under- 
side of  the  leaves  of  Rubus  strigosus,  Mx.  A  rery  large  and  uiost 
elegant  species. 

Winged  form.  General  color  whitish  or  yellowish-white.  Head 
transverae,  straight  in  front,  more  or  less  dusky  above.  Antennse 
as  long  as  the  body  or  often  considerably  longer,  on  moderately 
conspicuous  frontal  tubercles,  not  approximate  at  base;  the 
frontal  tubercles  as  well  as  the  base  of  third  joint  whitish  (some- 
times the  fourth  and  fifth  joints  are  also  pale  at  basej,  rest  all 
black;  I  and  II  as  usual  in  this  section.  Ill  the  longest,  IV  a 
Httle  shorter,  V  a  little  shorter  than  IV,  VI  the  shortest  and 
about  one-third  or  one-fourth  of  V,  VII  long  and  setaceous, 
often  as  long  as  III;  III  more  or  less  tuberculati-.  Eyes  large, 
reddish -brown,  with  a  distinct  tubercle;  ocelli  present  and  very 
conspicuous;  bordered  by  a  ring  of  black.  Beak  moderately 
long,  reaching  second  coxte,  or  slightly  beyond,  stout  and  rather 
hairy,  whitish  at  base  and  dusky  at  tip.  Prothoraz  very  large, 
sides  slightly  emar^nate,   and  with  a  distinct  lateral  tubercle. 
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rather  robust.  Lobea  of  mesothorBX  shiniag  black  above,  the 
Ti'iitral  of  B  dull  black.  Winga  long  and  narrow;  atigma  very 
long  and  broad,  pointed  in  front  and  behind,  forming  a  distinct 
but  very  obtuee  angle  at  the  urigin  of  the  stigmal  vein;  dasky  or 
almoat  black;  tip  of  wings  smoky,  this  clouded  patch  is  between 
the  third  diacoidal  and  the  stigmal  vein,  extending  partly  into 
the  stigmal  cell ;  stigmal  vein  strongly  curved  at  base,  rest  nearly 
straight.  Legs  long  and  slender,  femora  whitish  with  their  tips 
black;  tibiae  dusky  with  their  tips,  together  with  the  tarsi,  black. 
Abdomen  longer  than  broad,  aides  parallel  and  but  a  little  wider 
at  the  middle  than  the  thorax;  fiat,  with  impressed  pits  along 
the  slightly  margined  sides;  color  whitish  with  some  green 
markings  above,  the  ventral  greenish-white.  Honey-tubes  very 
long,  extending  more  than  half  their  own  length  beyond  the  tip 
of  the  abdomen;  slightly  attenuated  near  the  base,  then  gradually 
enlarging,  becoming  thickest  above  the  middle,  where  they  are  at 
least  twice  as  thick  as  at  base,  again  more  rapidly  contracting 
near  the  tip,  ending  as  usually  in  a  flat  rim.  Being  more 
strongly  enlarged  on  one  side  they  become  slightly  beat;  color 
dnsky  especially  at  the  base  and  tip,  but  transparent,  the  liquid 
globules  being  visible.  Style  cylindrical,  or  but  slightly  nar- 
rowed near  the  base,  bent  upwards,  with  but  few  hairs  and  of 
the  same  color  with  the  body.  In  length  about  one>fourth  the 
honey-tubes  or  about  twice  the  length  of  the  tarsi. 

Length  of  body  (style  or  honey-tubes  not  included)  .10— .12; 
to  the  tip  of  the  wings  .18— .20. 

Wiiiffed  male.  Pound  as  late  as  November  the  1st,  together 
with  the  oviparous  wingless  females.  Head  transverse,  consid- 
erably broader  than  long,  black  or  blackish.  Antennte  longer 
than  the  body,  on  rather  prominent  frontal  tubercles;  relative 
length  of  the  joints  the  same  as  in  females;  all  black.  Eyes 
large  and  prominent,  with  tubercle;  ocelli  present,  bordered  by 
a  ring  of  deeper  black  than  that  of  the  bead.  Beak  reaching 
second  coxEe,  blackish.  Prothorax  well  developed,  as  long  as  the 
head,  lateral  tubercle  more  or  less  obvioux.  Mesothorax  shining 
black.  Wings  as  in  female,  but  the  stigma  is  not  so  black,  and 
the  smoky  patch  at  the  tip  of  wiiig'<  wanting.  Legs  all  black, 
except  the  base  of  femora  and  tibiae  slightly  paler.  Abdomen 
blackish-green,  short,  with  more  or  less  black  markings  on  the 
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dorsum.  Honej-tabes  very  long,  reaching  beyond  the  tip  of  the 
style,  gab-cylindrical,  enlarged  only  at  the  very  tip  where  they  are 
trumpet-ehape;  black.  Style  aa  in  females.  Anal  plates  con- 
spicuous, black,  and  very  hairy,  eepecially  the  lobes  of  the  lower 
plate.  Length  of  body  .08;  antenna  .13;  to  the  tip  of  wings  .20. 
Apterous  fonn.  General  color  daring  summer  very  pale,  whitish, 
becoming  pale  lemon-yellow  late  in  the  season.  Head  straight 
in  front.  Antetinee  seem  to  vary  much  in  length  from  much 
longer  than  the  body  to  shorter,  (especially  all  those  examined 
late  in  the  season  had  them  shorter  than  the  body,)  the  relative 
length  of  the  joints  as  in  foregoing  forms;  color  the  same  with 
the  body,  with  the  tips  of  the  upper  joint  and  the  whole  of  the 
sixth  blackish.  Eyes  moderately  large,  dark  reddish-brown  with 
tubercle;  noocelli.  Beak  ratherlong  and  stout,  reaching  slightly 
beyond  the  second  pair  of  coxee,  first  and  second  joints  subequal. 
Prothorax  with  a  more  or  less  obvious  lateral  tubercle.  Abdomen 
long  and  narrow,  widest  at  the  insertion  of  the  honey-tubes. 
Legs  very  pale,  except  the  tips  of  tibiae  and  the  whole  of  tarsi, 
which  are  black.  Honey-tubes  as  in  the  winged  female,  very 
pale  or  whitish  throughout,  or  with  the  tips  black,  this  being 
the  case  with  all  taken  late  in  the  season.  Style  shorter  than  in 
winged  female,  not  much  longer  than  the  tarsi,  cylindrical,  with 
but  few  hairs,  of  the  same  color  with  the  body. 


ni.— Genus  HBOOUBA,  BucktoD. 

BMd  bratA;  nralghtln  fronl. 

ApimDiB  mucli  longer  Ibsn  the  bodj;  fronlal  tabercln  laTga:  remoU  at  ban;  third  jolnl 
longHt;   Kcond  twlcs  the  ilie  ol   Uis  Snt;    fonrlh  longar  IhsD  tha  flrth;  uTeath 

EjeiiTlth  IDbereit:  ocsili  pnaent 

Beak  rather  ahort. 

Wlngi  and  lega  as  In  Slpbooophora. 

Honejr-labei  loDg,  dUatad  In  tbe  middle,  expandad  at  the  end,  or  tniinpet-mouthed. 

8tf  le  markedly  long  and  thick. 

Habit  Bporadic 

1.    AleiTOura  solani,  Thomas. 

Found  on  the  common  tomato.  This  peculiar  species  is  by  no 
means  rare  in  the  gardens  around  Minneapolis,  although  never 
found  in  great  numbers  on  any  one  plant. 


.vGoogIc 


30  POURTRBNTH    A.HNITAL   BBPORT. 

IV.-«ena8  MYZU8,  Paw. 

Anlennic  on  modsntslj  large  IDberclM;  lb«w  glbbauK  UD  the  iDOCt  aide,  M  U  ■!•<•  Uie  Inl 

siiisnmil  joiDi;  aboot  at  long  aa  tbe  bodj. 
Syw  nilh  a  disliocl  labercls:  ocelli  pnMDl. 
Pnlhorai  asusllj'  nllb  Lhe  proDolnni  namnrad  In  itae  middle. 
L«gB  moderately  long. 
WlngB  wry  mach  as  Id  Apkla. 
Hunejr-inbeo  raachlng  lo  the  lip  ot  lhe  ibdomen.  crllHdrical,  or  illghdr  eDlarged  inward  (he 

3tjlef.iber.hort. 

Bablt.    Hoatlj  rouad  on  the  foliage  oT  pluita  belonging  lo  the  nwe  tamllr;  aoine  apeciaa 

caualng  Che  lea  Tea  lo  cap  and  became  deformed. 
TJplcil  American  tpeclea,  Jfrm  ribti.  L. 

1.    MyzuB  cemsi,  Tub. 

This  species  Beems  to  be  found  wherever  the  cherry  is  cultivate*]. 
So  far  as  I  am  aware  it  has  not  shown  itself  specially  troublesome 
in  this  state. 

S.    Myzus  rlbis,  Lian. 

Found  plentifnl  on  the  cultivated  currants,  causing  the  leaves 
to  curl  up,  tormiQg  corresponding  crispy  swellings  above.  When 
they  become  very  numerous  on  a  bush  they  cause  the  leaves  to 
turn  yellow  and  to  drop  off,  as  I  noticed  in  several  instances. 

3.    Stjrzus  potentillse,  □.  ap. 

Habit.  Found  on  the  underside  of  the  leaves  of  PotentiUa 
oAserina,  Linn. 

Winged  "form  (males).  General  color  yellowiah-green.  Head 
rather  broad,  slightly  convex  in  front,  black  or  blackish.  An- 
tennie  longer  than  tbe  body,  black;  the  third  slightly  pale  at  tbe 
very  base;  tubercles  moderately  prominent,  gibbous;  I  gibbons, 
II  as  nsnal.  III  very  long  and  tuberculate  on  the  underside,  IV 
and  7  sobequal,  each  shorter  than  III,  YI  one-half  or  one4hird 
of  V,  VII  as  long  as  III  or  usually  longer.  Eyes  large,  reddish- 
brown,  with  distinct  tubercle;  ocelli  present,  bordered  with  a 
ring  of  black.  Beak  reaching  second  cox^e,  pale  at  base,  black 
at  tip,  last  joint  rather  sharply  pointed.  Prothorax  with  the 
pronotum  narrowed  in  the  middle,  blackish ;  membrane  greenish. 
Mesotborax  yellowish  with  the  lobes  and  the  scutellam  shining 
black.     Legs  black,  with  the  base  of  the  femora  and  tibie  paler. 
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The  wings  as  nsaal.  One  epecimen  examined  had  one  of  the 
wings  very  abnormal,  the  Srst  discoidal  being  completely  obso- 
lete, the  second  so  except  a  very  short  diatance  near  its  or^in, 
the  third  discoidal  with  but  one  branch.  Abdomen  greenish  with 
more  or  less  black  on  the  dorsum  in  form  of  transverse  bands. 
Honey -tabes  cylindrical,  reaching  to  the  end  of  the  abdomen,  or  in 
some  beyond,  pale,  in  length  about  three  times  the  tarsi.  Style 
very  short,  pale  except  sometimes  at  the  tip,  hairy.  Upper  anal 
plate  of  the  same  color  as  the  body,  lower  blackish,  at  least  the 
lobes.     Length  of  body  .06,  wings  included  .10. 

Wingless  form.  Oblong  and  rather  convex.  General  color 
pale  green;  covered  with  small  tubercles  that  give  rise  to 
strongly  capitate  or  knobed  hairs.  Some  of  these  knobed  hairs 
are  also  found  on  the  front  of  the  head,  on  the  frontal  tubercles 
and  OQ  the  first  and  second  joints  of  the  antennae.  Antennee 
commonly  a  little  shorter  than  the  body,  pale,  but  sometimes 
the  apical  joints  are  dusky;  III,  lY  and  Y  subequal,  TI  one-half 
of  y,  Til  about  as  long  ae  III.  Eyes  reddish-brown,  with  the 
tubercle.  Legs  pale,  except  tips  of  tibiffi  and  the  tarsi  slightly 
dusky.  Honey-tubes  pale,  cylindrical,  about  three  times  the 
length  of  the  tarsi.  Style  pale,  short,  about  as  long  as  the  tarsi. 
Length  of  body  .06  to  .07. 

The  eggs.  These  are  laid  on  the  underside  of  the  leaves,  and 
as  these  do  not  fall  off  but  remain  attached  to  the  plant  over 
winter  they  afford  a  very  good  protection,  and  the  young  larva  on 
hatching  in  the  spring  has  but  a  short  walk  to  make  to  find  the 
new  growth.  They  are  pale  green  when  first  laid  but  soon  be- 
come shining  black;  cylindrical,  very  smooth,  rounded  at  both 
ends. 

4.    MjEUS  tnalviBi  n.  up. 

Habit.  Found  on  the  underside  of  the  leaves  of  Malta 
rotundifdia  Linn,  This  can  not  be  Siphonopkora  malvte  of 
European  authors,  and  I  know  of  no  Myzus  ever  found  on  this 
common  plant. 

Winged  form.  Head  and  thorax  shining  black ;  abdomen  green. 
Head  transverse,  pointed  in  the  front  as  in  aphis.  Autennie 
about  as  long  as  the  body,  black,  except  base  of  third  joint;   on 
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distinct  frontal  tubercles,  and  these  very  much  prolonged  or 
gibbous  on  the  inner  side;  I  gibbous,  II  as  usual.  III  'ongest, 
IV  a  little  shorter,  Y  a  little  shorter  than  lY,  YI  about  one- 
half  of  V,  VII  setaceous,  about  ae  long  as  IV.  Beak  reaching 
second  coste.  Eyes  dark  reddish-brown,  with  prominent  tuber- 
cle; ocelli  present.  Prothorax  with  the  pronotum  narrowed  in 
the  middle,  black;  membrane  pale.  Lobes  of  mesothorax  shin- 
ing black.  Legs  with  the  apical  half  of  femora  black,  tips  of 
tibiie  and  the  tarsi  black,  rest  paler.  Wings  as  usual  in  this 
genua.  Abdomen  not  much  longer  than  wide,  sides  rounded; 
color  pale  green  with  a  large  subquadrate  patch  of  darker  green 
on  the  dorsal  side,  and  with  a  row  of  black  spots  along  the 
margins  above  the  insertion  of  the  bouey-tubes  as  in  Aphis 
mali.  Honey-tubes  reaching  to  the  tip  of  the  abdomen  or 
slightly  beyond,  cylindrical,  or  generally  a  little  thicker  towards 
the  apex,  more  or  less  dueky,  the  liquid  drops  visible  through  it. 
Style  about  half  as  long  as  the  honey-tubes  or  about  as  long 
as  the  tarsi,  cylindrical  or  very  slightly  narrowed  near  the  base 
and  bent  upwards,  hairy.  Length  of  body  .06;  to  tip  of 
wings  ,14. 

Apterous  form.  General  color  pale-green.  Antennfe  about 
half  as  long  oja  the  body,  not  reaching  to  the  base  of  the  honey- 
tubes;  pale  at  base,  rest  blackish.  Eyes  reddish- brown,  with 
tubercle.  Abdomen  pale  green,  (with  a  middle  and  sometimes 
marginal  longitudinal  band  of  darker  green);  not  tuberculate 
nor  with  capitate  hairs.  Honey-tubes  and  style  as  in  winged 
form  but  usually  quite  pale.  The  frontal  tubercles  and  first  joint 
of  the  antenne  very  gibbous. 


v.— Ofitins  DBEPANOSIPHUM,  Kocli. 

ABteann  on  fionUI  tnbercloi.  nmallj  loDg«i  tlian  iht  body;  Ibinl  and  lial  jflipl 

fourth  and  fifth  equal. 
Byea  large  aod  with  a  dleUoct  tnbercle;  ocalK  presenl. 
Beabahon. 

ProUiorai  witli  no  [aleral  luberele. 

WlngB  lanjr  and  narron;  msrclDal  cell  elongated  tonardn  the  apex  of  the  wing. 
Legt  moderately  long. 

Hnney-labee  moderately  long,  enlarged  beneath  towards  Ibe  baas. 
Style  IneocaplcnaDi  or  nous. 
Habit  aparadlc. 
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1.    Drepanosiplium  aceiifolU,  TliomHs. 

This  peculiar  apeciea  is  by  no  meaos  rsre  od  the  soft  maple 
\Aeer  dasycarpum,  Ehrli.)  io  and  aroand  the  city  of  Minneapolia. 

VI.-RHOPALOSIPHUM.  Koch. 

This  genua  is  mostly  characterized  by  American  entomologiatB 
simply  as  similar  to  Aphis  or  SipkoHopkora,  but  with  the  honey- 
tubes  distinctly  clavate.  As  far  as  our  American  species  are  con- 
43emetl,  tbia  is  probably  one  of  the  most  difBcult  genera  to  define 
in  the  family.  If  we  on  one  hand  take  Rhopalosiphum  rhois  as  a 
type,  we  have  a  species  that  is  similar  to  Aphis,  and  could  well 
be  put  in  that  genus  with  the  exception  of  the  clavate  honey- 
tubes;  if  on  the  other  hand  we  take  A/iojia^ost^j/ium  naAa^i  (de- 
scribed below)  as  a  type,  we  have  a  species  that  could  well  be  pnt 
in  Siphonophora  but  for  the  distinctly  clavate  character  of  the 
honey -tubes.  If  Sh<^alosiphum  ribis,  Koch,  prove  to  be  a  distinct 
species  as  found  on  our  native  currant  (Ribes  nigrum,  L.), 
^om  Myzus  rtbia,  L.,  as  found  on  the  cultivated  currant,  we 
Jiave  still  another  species  that  shows  a  close  relation  to  Myzus. 
Wherefore  we  have  to  rely  almost  exclusively  on  but  one  single 
■character.  \ow  if  this  clavate  character  of  the  honey-tubes 
prove  to  be  constant,  so  that  we  can  rely  on  it  in  all  cases,  the 
^enus  could  well  be  accepted  to  include  all  the  species  that  I  have 
included  in  the  following;  bat  if  this  character  should  be  found  to 
vary,  as  I  have  reason  to  believe,  most  of  the  following  species 
will  have  to  be  locate  in  other  genera. 

1.    Rhopalosiphoin  rbolt*,  Honell. 

Fonnd  rather  common  on  the  underside  of  the  leaves  of  Rhus 
gUAra,  Linn. 

2.    Bhopalosipliuinl  rlbia,  Koch. 

Found  on  the  underside  of  the  leaves  of  wild  currant  (Sibes 
nigrum,  Linn.),  and  as  far  as  I  observed  not  causing  the  leaves  to 
«up  as  in  the  case  with  Myzua  ribis,  Linn.,  found  on  the  cnlti- 
Tated  currant.     It  is  probably  but  a  variety  of  this  last  named 
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species,  though  the  honey-tubea  are  distinctly  clavate  and  wonld 
locate  it  here. 

3.    Khopaloslphum  Honchl  n.  sp. 

Found  on  Sonehus  asper,  Vill. 

Winged  form.  Head  transTerae,  straight  iu  front,  or  but 
slightly  CDQTez,  more  or  less  black  above,  Antennfe  about  as 
long  as  the  body,  black  except  the  base  of  the  third  joint 
slightly  paler,  on  rather  small  frontal  tubercles,  and  these  some- 
what gibbons  or  enlarged  on  the  inner  side;  I  much  larger  than 
II,  III  long,  IV  a  little  shorter,  V  a  little  shorter  than  IV, 
VI  about  one-third  of  V,  VII  as  long  as  III  or  often  very  short;  III 
and  IV  are  strongly  tnberculated  and  cicatrized,  especially  on  the 
under  side.  Eyes  large,  reddish-brown,  with  a  distinct  tubercle; 
ocelli  present  and  conspicuous  as  a  glassy  point  bordered  by 
black.  Beak  as  usual,  reaching  second  cosee,  pale  except  at  tip. 
Prothorax  with  the  pronotum  narrowed  in  the  middle,  black; 
membrane  greenish.  Lobea  of  mesothorax  all  shining  black. 
Wings  hyaline;  costal  veins  yellowish,  the  rest  brownish;  third 
discoidal  obsolete  at  base.  Legs  pale  except  at  the  joints,  where 
they  are  dusky  or  black;  tarsi  black.  Abdomen  pale  green,  with  a 
marginal  row  of  black  spots,  and  in  the  middle  a  large  subquadrate 
patch  of  black,  as  wide  as  the  distance  between  the  honey-tubes; 
ventral  uniformly  greenish.  Honey-tubes  reaching  to  the  tip  of 
the  style,  narrow  at  base,  then  expanding,  becoming  widest  a  little 
above  the  middle,  where  they  are  at  least  twice  us  wide  as  at  base, 
again  contracting  near  the  tip  ending  in  a  flat  rim;  color  pale, 
dusky  only  at  the  tip.  Style  about  half  as  long  as  the  honey- 
tubes,  cylindrical,  point  rounded,  hairy  and  bent  upwards,  yel- 
loivish.   Length  of  body  ,08;  to  tip  of  wings  .16;  honey-tubes  .02. 

Wingless  fonn.  Qeneral  color  pale-greenish.  Antennte  as  in 
winged  form,  but  pale,  or  joints  dubky  only  at  tips.  Legs 
pale,  tarsi  black.  Honey-tubes  tbn  same  but  somewhat  thicker, 
and  not  so  distinctly  cluvate. 

4.    Rhopalosiphum  naball,  n.  sp. 

Habit.    Found  on  the  flower-heads  of  Nabalua  albus.  Hook. 
Winged  form.     Head  broader  than  long  and  nearly  straight  in 
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front;  color  brown iah- black.  Aatennte  on  rather  short  frontal 
tabercles,  about  reaching  to  the  honey-tubes;  lit  longest,  IV  a 
little  shorter,  V  a  little  shorter  than^IV,  VI  short,  about  one- 
fourth  of  V,  VII  seems  usually  to  be  short,  not  longer  than  VI, 
in  only  one  specimen  out  of  a  dozen  did  I  find  one  that  had  it  as 
long  as  III,  black  in  color,  and  III  and  IV  rather  strongly 
tubercular  as  in  the  foregoing  species.  Beak  reaching  second  coxee, 
or  but  slightly  beyond  it,  pale  except  at  tip,  Prothorax  with 
the  pronotum  narrowed  iu  the  middle;  color  shiniag  brown  or 
blackish,  as  are  the  lobes  of  the  mesothorax.  Eyes  reddish- 
brown,  with  tubercle;  ocelli  present,  bordered  by  black.  Wings 
with  the  costal  veina  yellowish,  rest  brownish;  stigma  long  and 
narrow;  third  discoidal  obsolete  at  base.  Legs  blackish  except 
basal  half  of  femora.  Abdomen  greenish  with  a  longitudinal 
middle  and  marginal  band  of  blackish.  Honey-tubes  reaching 
beyond  tbe  tip  of  the  style,  strongly  club-shaped,  narrow  near 
the  base,  then  enlarging,  becoming  at  least  twice  as  wide  as  at 
base,  again  contracting  more  moderately  near  the  tip,  ending  iu 
a  flat  rim,  brownish  or  black,  base  usually  paler.  Style  rather 
long,  abont  one-half  the  honey-tubes,  slightly  enlarged  in  the 
middle,  bent  upwards,  hairy  and  yellowish  in  color.  Length  of 
body  .10;  to  the  tip  of  wings  .20. 

Wingless  form.  General  color  a  dusky-green  with  head  and 
thorax  usually  yellowish-green.  Antennee  abont  two-thirds  the 
length  of  the  body.  Honey-tubes  and  style  as  in  winged  form. 
Legs  pale  except  at  the  joints,  where  they  are  slightly  dusky. 
Wing-pada  of  the  pupae  pate  yellow. 

This  species  comes  nearer  to  Siphonophora  than  Aphis  in  size, 
color  and  general  appearance,  but  the  hoaey-tubes  are  distinctly 
club-shaped,  and  the  frontal  tubercles  are  but  moderately  large 
and  hardly  approximate. 

VII.— SIPHOCORYNB,  Pass. 

Hud  uoivene,  roacided  In  Croat 

Eje*  wlUi  n  dlMinct  mbcrclsi  owlli  pregent. 

AateanB  on  do  peroptib'e  Crotilsl  labsrclsi:  »tiorler  ihao  the  body  md  usnallT  Blrongly 

eleacrlud  and  tnboreulBted. 
Beak  moderwel;  long. 
Wlnga  and  leg*  m  la  AphU. 
Honey-tabw  diallncilj  clirils;  moderalel;  long. 
Styla  ihoit, 
Tjplcal  AnieilcaD  >p«cle(;    ^Aoeorvn*  zaiujlii-  '' 
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1.    8lpbOcoryne  xanthii,  a.  ep. 

Habil.  Found  on  the  leaves  of  Xanthium  canadense,  Mill. 
(X'  strumarivm  of  Gray's'Manual). 

Winged  form.  General  color  yellowish-green,  some  more  de- 
cidedly green  than  others.  Head  transverse,  rounded  in  front, 
more  or  leas  dusky  above,  Antennte  on  no  perceptable  frontal 
tnbercles,  about  oue>half  the  length  of  the  body,  or  a  little 
longer,  blackish  escept  near  the  base;  III  longest  and  as  long 
as  IV  and  Y  together,  lY  and  Y  subequal,  YI  about  one-half 
of  Y,  the  setaceous  VII  about  as  long  as  III;  III  and 
rV  strongly  tubercular.  Eyes  reddish -brown,  with  tubercle; 
ocelli  present,  bordered  by  a  ring  of  black.  Beak  short,  not 
reaching  second  cozse;  last  joint  short  and  pointed,  dusky.  All 
the  lobes  of  therax  blackish.  Wings  hyaline,  and  venation  much 
as  in  Siphonophora.  Legs  pale,  except  at  the  tip  of  the  joints 
blackish.  Abdomen  oblong,  yellowish -green  with  transverse 
markings  of  darker  green;  ventral  uniformly  greenish.  Honey- 
tubes  reaching  to  the  tip  of  the  abdomen  or  slightly  beyond,  pale, 
basal  half  slender,  then  enlarging  in  the  middle  to  nearly  twice 
the  diameter  at  the  base,  again  contracting  near  the  tip,  ending 
in  a  flat  rim.  Style  short,  about  as  long  as  the  tarsi,  pointed, 
curved  upwards,  hairy.     Length  of  body  .03;  to  tip  of  wings  .14. 

ApterouB  form.  Color  pale  greenish,  with  dorsal  markings  of 
darker  green;  ventral  uniformly  green.  Body  with  short  capitate 
hairs.  Antennie  one-balf  as  long  as  the  body,  pale.  A  red 
variety  is  also  seen  among  very  young  specimens. 

2.    Slpbocoryne  aroliangellosef  n.  sp. 

Habit.  Fonad  on  the  umbels  of  Archangelica  atr^urpurea, 
Hoffm.  It  is  possible  that  this  is  Aphis  archangelicm  of  Linnsaua, 
but  I  have  no  access  to  his  description  at  present. 

Winged  form.  Head  transverse,  pointed  in  front,  brownish- 
black.  Antenna  on  no  frontal  tubercles,  not  more  than  one- 
half  the  length  of  the  body,  black  or  blackish;  III  longest  and 
about  as  long  as  the  three  following  joints  taken  together,  IV, 
y  and  YI  being  subequal,  VI  being  slightly  the  shortest,  the 
setaceous  VII  also  very  abort;  [(I,  IV  and  V  are  strongly 
tubercular.  III  especially  so.     Eyes  dark  reddish-brown,  with 
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tubercle;  ocelli  present,  but  not  very  conspicnons.  Beak  moder- 
ately long  and  alender,  reaching  to  the  second  coxee.  Pronotum 
of  the  prothorax  narrowed  in  the  middle,  concolorous  with  the 
head;  membrane  greenish.  Lobes  of  thorax  shining  black. 
Legs  pale,  dusky  at  joints.  Abdomen  rather  long,  sides  straight, 
yellowish-green  with  a  large  snbquadrate  patch  of  black  in  the 
middle;  ventral  uniformly  colored.  Honey-tnbes  reaching  to 
the  tip  of  the  style,  enlarging  in  the  middle  to  about  twice  the 
diameter  at  the  base,  again  becoming  narrow  near  the  apex, 
where  they  are  about  as  wide  aa  at  base,  ending  in  a  fiat  rim. 
Style  rather  short  and  acute,  pale.  Length  of  body  .09;  to  tip  of 
wings  .17. 

Apterous  form.  General  coloryellowish-green,  Anteanie  very 
short,  not  one  half  the  length  of  the  body;  joints  proportional 
very  mnch  as  in  winged  form.  Honey-tubes  reaching  to  tip  of 
abdomen,  dusky,  in  form  as  above.  Style  short  and  conical. 
Beak  reaching  second  coxte.  Lags  rather  short  and  stout.  Length 
of  body   08  to  .09. 


Vlll.-Oenus  APHIS,  Linn. 

Head  IruuvflCH.  rounded  In  front:  Kidom  atnight. 

Bjea  modsritBlj  lirge  or  lirge,  with  a  mon  or  Ian  dlnincl  Inbtrclc;  ocelli  |iP-*aDI,  bnt 

uniillT  not  rerydletlnet 
Anteuia  ramole  it  ban,  not  on  frontBl  tubercles,  or  on  very  InGonaplcaoaa  onw;  unniEiT 

■mootb.  and  gsDerally  aborter  than  tbe  bodj. 
Beak  DiaderaMI;  long. 

ProDotnm  of  proUiorkx  nmilly  narrowed  Jn  Ibe  middle,  and  often  witb  a  lateral  tulicrrlo. 
Wlngi  defleied,  and  of  ibe  uiual  form. 
LaKi  genenlly  ehort  and  stout. 

HouaT-lnbca  cfllndrie  oi  Hzb-cjllndrlc.  moderately  long,  very  rarely  none. 
Btjle  n>aall7  (bort,  very  rarely  none. 
Uanally  fonud  tn  large  colonlei  on  anaaat  plants, 
l^cal  American  apeclei:    AjAii  mtli,  Fa6. 

Although  this  genua  has  many  times  been  restricted,  it  is  still 
one  of  the  most  unwieldy  in  the  family.  A  well  defined  subdi- 
viaion  would  therefore  be  very  desirable,  but  it  will  require  a 
very  careful  and  special  study  of  the  whole  genus  as  found  in 
America.  At  present  I  can  offer  no  suggestions  in  this  line,  and 
will  only  attempt  to  define  as  fully  aa  posaible  the  apparently 
new  apeciea,  without  any  satisfactory  order  of  arrangement. 


ibyCoOglc 


FOURTSESIB   ANNUA 


1.    ApblH  ft«ndot»te,  n.  sp. 


Habit.  Found  on  Bidens  frondoaa,  Linn.  Uaually  iu  very 
great  numbers. 

Winged  form.  Head  transverse,  rounded  in  front,  black. 
Autennse  about  ae  long  as  the  body,  black,  on  no  frontal  tuber- 
cles, as  seen  from  the  side,  but  on  the  inner  side  with  rather 
strongly  projecting  lobes,  as  seen  from  above;  IIT  longest,  IV 
and  V  Bubequal,  TI  about  two-thirds  of  V,  setaceous  VII  about 
as  long  as  III;  smooth,  but  III,  IV  and  V  are  cicatrized, 
having  a  row  of  regularly  placed  spots  on  the  un-ler  aide,  V  with 
but  a  few,  and  rather  far  apart.  Eyes  reddish-brown,  with 
tubercle;  ocelli  present.  Thorax  of  uniform  black.  Abdomen 
greenish  and  more  or  less  mottled  with  black  markings  above, 
forming  a  subquadrate  patch  not  well  defined.  Honey-tubes 
reaching  tip  of  abdomen,  cylindrical,  black.  Style  greeoisb- 
yellow,  cylindrical,  slightly  curved  upwards,  about  one-half  the 
length  of  the  honey-tubeR,  or  about  as  long  as  the  tarsi.  Logs 
black  with  the  front  femora  pale,  and  the  tibiffi  more  or  less  pale 
in  the  middle.  Wings  hyaline,  with  narrow  blackish  veins; 
origin  of  the  second  branch  nearer  to  the  tip  of  the  wing  than  to 
the  origin  of  the  first  branch.  Length  of  body  .07;  to  tip  of 
wings  .11  to  .15. 

Apterous  form,  The  pupa  has  the  antennee  about  as  long 
as  the  body,  blackish.  Thorax  greenish,  wing-pads  blackish. 
Abdomen  pale  green,  yellowish  around  the  honey-tubes,  with  a 
lai^e  Bubquadrate  patch  of  dull  green  in  the  middle  blending  with 
the  pale  green  of  the  body.  Honey-tubes  black,  thickened 
slightly  at  base.     Style  short,  conical.     Length  of  body  .07. 

2.    Aptats  ageratoidis,  n.  a\t. 

Habit.  Found  on  the  flower-heads  of  Eupatoriitm  agerafoidfs, 
Linn. 

Winged  form.  Head  transverse,  slightly  pointed  in  front, 
black.  Antenns  on  very  inconspicuous  frontal  tubercles  seeu 
as  lobes  on  the  inner  side,  about  two-thirds  the  length  of  the 
body,  black;  III  long,  IV  a  little  shorter,  V  a  little  shorter 
than  IV,  VI  about  two-thirds  of  V,  VII  the  longest;  III  and 
IV  are  regularly  cicatrized  on  the  under  side,  but  not  as  promi- 
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nently  so  as  iii  the  foregoing  species.  Eyes  reddish-brown,  with 
tubercle;  ocelli  present.  Beak  reaching  second  coxee,  pale. 
Prothorax  with  the  prouotara  much  narrowed  in  the  middle  and 
with  a  distinct  lateral  tubercle,  black;  membrane  greenish;  rest 
of  thorax  of  a  rather  dull  black.  Wings  as  usaal.  Legs  black 
except  at  the  joints.  Abdomen  pale  yellow,  or  sometimes  light 
brownish,  with  a  patch  of  dark  green  in  the  middle  which  is 
much  longer  than  broad;  ventral  pale  yellow.  Honey-tubes 
reaching  the  tip  of  the  style,  blackish.  Style  rather  slender, 
cylindrical,  hairy,  pale  yellow  and  about  as  long  as  the  tarsi. 
Length  of  body  .06;  to  tip  of  wings  .12, 

Apterous  form.  General  color  pale  yellow.  Antennee  pale  at 
base,  rest  blackish.  Eyes  with  ocular  tubercle;  the  pupa  with 
brown  uniform  spots  as  rudiment  of  the  future  ocelli-  Beak 
black  at  tip.  Wing-pads  of  the  pupa  black,  except  at  base. 
Legs  pale  except  the  apex  of  the  tibite.  Abdomen  with  a  patch 
of  ilark  green  in  the  middle,  this  patch  much  longer  than  broad. 
Honey-tubes  black,  slightly  thickest  at  base.  Length  of  body 
.06.  This  species  is  very  close  to  Aphis  frondostB,  but  in  size  it  is 
somewhat  smaller,  in  color  paler  and  the  patch  of  the  abdomen 
is  always  longer  than  broad,  while  that  oifrondosw  is  subquadrate 
and  not  so  well  defined,  but  blending  with  the  general  color  of 
the  body. 

3.    Apbls  eupatorll,  n.  sp. 

Habit.    On  the  flower-heads  of  Eupatorium  perfoliaium,  Linn. 

Winged  form.  Head  transverse,  nearly  straight  in  front  or 
bnt  a  little  rounded.  Antennte  rather  short,  not  more  than  two- 
thirds  the  length  of  the  body,  black  except  the  base  of  the  third 
joint;  III  longest,  TV  and  V  subequal,  each  considerable 
shorter  than  lit,  VI  shortest  about  two-thirds  of  Y,  Til  as 
long  as  V,  III  and  IV  cicatrized  but  not  regular  nor  as  well 
marked  as  in  the  two'  foregoing  species.  Eyes  large,  reddish- 
brown,  with  a  very  prominent  ocular  tubercle;  ocelli  present. 
Beak  rather  long  and  slender,  reaching  nearly  to  the  abdomen. 
Prothorax  with  the  pronotnm  narrowed  in  the  middle;  sides 
with  a  very  distinct  mammiform  tubercle,  black;  membrane 
paler;  rest  of  thorax  black.     Legs  pale  or  of  the  same  color  with 
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the  body,  with  the  jointii  blackish.  Abdomen  yellowish  or 
greeniah-jellow,  with  a  marginal  row  of  black  spots,  and  the  last 
segments  more  or  less  blackish.  Honey>tubea  rather  short,  hardlj 
reaching  tip  of  the  abdomen,  and  not  much  longer  than  the 
rather  long  tarsi,  cylindrical,  ending  in  flat  rim,  pale.  Style 
conspicuous  and  nearly  as  long  as  the  honey-tubes,  cylindrical, 
curved  upwards,  hairy,  yellowish  in  color.  Length  of  body  AYJ 
to  .08;  to  tip  of  wings  .14. 

No  description  was  taken  of  the  wingless  forms  at  the  time,  so 
I  can  say  nothing  in  regard  to  them,  but  the  species  can  easily  be 
recognized  from  the  two  foregoing  from  a  somewhat  larger  and 
more  robust  form,  the  form  of  the  antennie,  and  the  rather  short 
honey-tubes  but  long  style. 

4.    Aphis  maratte,  n.  ap. 

Habit,    Found  on  the  flower-stalks  of  Maruta  cotiila,  D.  C. 

Winged  form.  Head  transverse,  rounded  in  front.  Antennae- 
on  inconspicuous  frontal  tubercles,  but  these  slightly  prolonged 
on  the  inner  margin,  nearly  as  long  as  the  body,  all  black  except 
base  of  third  joint;  III  long,  TV  but  a  little  shorter,  V  a  little 
shorter  than  IT,  VI  about  one-half  of  Y,  Til  as  long  as  III, - 
ni  and  IV  quite  tubercular,  especially  on  the  under  side,  but 
very  slightly  and  indistinctly  cicatrized.  Eyes  dark  reddish- 
brown,  with  tubercle;  ocelli  present.  Beak  reaching  second 
cozee,  blackish.  Thorax  uniformly  black;  pronotum  of  prothoraz 
narrowed  in  the  middle  with  no  lateral  tubercle.  Legs  with  the 
base  of  femora  and  tibie  pale,  rest  black.  Abdomen  pale  greeii, 
with  more  or  less  black  markings  above;  ventral  uniformly  pate 
green.  Honey-tubes  rather  short  and  stout,  cylindrical  or 
slightly  enlarged  in  the  middle,  black.  Style  short,  conical, 
concolorous  with  abdomen  slightly  dusky.  Length  of  body  .06; 
to  tip  of  wings  .12. 

Abdomen  greenish,  with  a  marginal  row  of  black  spots  abore 
the  honey-tubes,  in  the  middle  a  large  subquadrate  patch  of 
black. 

Wingless  form.  General  color  greenish.  Antennfe  about  one- 
half  the  length  of  the  body,  basal  half  pale,  rest  blackish.  Pupa 
with  the  tips  of  wing-pads  black.  Honey -tubes  short  and  usually 
a  little  thicker  at  the  base,  blackish. 
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This  species  is  very  similar  to  Aphis  eupatorii,  but  is  easily 
recognized  by  the  large  patch  of  black  on  the  abdomen,  and  that 
the  prothorax  have  not  got  the  lateral  tubercle  found  in  the  three- 
foregoing  species. 

5.    Aphltt  mali,  Fftb. 

This  species  has  been  found  very  abundant  throughout  the  sea- 
son on  the  common  apple,  crab>apple,  and  also  on  the  mountain 
ash.  As  far  as  I  am  aware  it  has  not  been  noticed  on  the  last 
named  before.  Wherever  noticed  the  eggs  were  laid  very 
nomerous  daring  October  and  November,  on  the  trunks,  twigs 
and  annual  shoots  of  the  trees.  It  would  be  well  to  have  the  an- 
nual shoots  and  supemumerous  twigs  burnt  in  the  fall  or  early 
spring  before  the  eggs  hatch,  if  they  are  found  to  be  thickly 
stocked  with  eggs,  as  it  would  go  so  far  towards  diminishing  their 
numbers.  The  eggs  are  pale  green  when  first  laid  but  soon  be- 
come hard  and  black,  very  smooth,  cylindrical,  about  as  long 
again  as  broad. 

tf.    Aphis  prtinl,  Kfch. 

This  species  was  noticed  once  on  a  young  plum  tree,  but  not 
Tery  numerous. 

7.    Apbis  niaidis.  Fitch. 

This  species,  found  on  the  Indian  com,  is  probably  found  now 
wherever  corn  is  cultivated. 

8.  Apbia  apocynl,  Koch. 

A  species  found  on  Apocynum  cinnabinuM,  I  take  on  Dr. 
Thomas'  authority  as  identical  with  the  European  species  as  I 
neglected  to  take  any  notes  or  make  comparison  when  found. 

9.  Aphis  riparite,  n.  bp. 

Habit.  Found  on  the  underside  of  the  leaves  of  Vitis  riparia, 
Michi. 

Winged  form.  Head  slightly  pointed  in  front,  of  a  dull  black. 
Frontal  tubercles  very  inconepicuons,  only  a  slight  projection  on. 
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the  inner  side.  Autenns  about  as  long  as  the  body,  black  pxoept 
base  of  third  joint;  III  longest,  IV  and  V  subequal,  VI  about 
two-thirds  of  V,  VII  nearly  as  long  as  III,  setaceous;  III  and 
IV  moderately  pustulate  on  the  under  side  not  apparently 
cicatrized.  Eyes  reddish-brown,  with  ocular  tubercle;  ocelli 
present.  Beak  reaching  second  coxte.  Prothorai  with  the 
pronotum  narrowed  in  the  middle,  lilack;  membrane  greenish; 
sides  with  a  prominent  tubercle.  Thorax  dull  black.  Second 
branch  rather  short,  nearer  to  the  tip  than  origin  of  the  first. 
Legs  pate  except  at  the  joints,  black.  Honey-tubes  reaching  tip 
of  abdomen,  about  twice  as  long  as  the  tarsi,  cylindrical,  or  but 
slightly  thickest  at  base,  black.  Style  about  as  long  as  the  tarsi, 
cylindrical,  rounded  at  tip,  hairy,  pale  in  color.  Length  of  body 
.08;  to  the  tip  of  wings  .15 

Wingless  fotin.  General  color  pale  yellowish-green.  Antennc 
about  one-half  the  length  of  the  body  or  a  little  longer,  and 
usually  quite  pale.  Legs  pale  except  at  the  tips.  Honey-tubes 
as  in  winged  form,  slightly  dnsky  at  tip.  The  joints  of  the 
antennEB  are  nearly  equal  in  length,  except  the  last  usually  being 
the  longest;  the  division  of  joint  III  and  IV  is  very  indistinct. 
General  form  of  the  body  rather  long  and  narrow,  in  this  respect, 
showing  aame  relation  to  Siphonophora. 

lO.    Aphis  polatiislte,  n.  sp. 

Habit.  Found  on  the  see<l-]>ods  and  occasionally  also  on  other 
parts  of  the  .plant  of  Polanisia  graveolens,  Raf.  The  first  species 
found  on  a  plant  of  this  order  I  believe. 

Winged  form.  Head  strongly  transverse,  rounded  in  front, 
black.  Antennae  one-half  or  not  more  than  two-thirds  the  length 
of  the  body,  black,  on  very  inconspicuous  frontal  tubercles;  III 
longest,  IV  about  two-thirds  of  III,  V  a  little  shorter'  than  IV, 
VI  one-half  of  V,  VII  about  as  long  as  III;  III  and  IV 
strongly  tubercular  and  cicatrized.  Eyes  blackish  with  a  lai^ 
ocular  tubercle;  ocelli  present.  Prothorax  with  a  moderately 
distinct  lateral  tubercle;  thorax  as  a  whole  black.  Wings  as 
usual  in  the  genus,  but  coming  near  to  the  type  of  Siphonophora; 
stigmal  vein  but  slightly  curved.  Legs  rather  long  and  slender; 
femora  pale  at  base;  tibiEB  rather  pale  except  at  apex  together 
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witli  the  tarsi  which  are  all  black.  Abdomen  greeoish-black. 
HoDey-tnbes  rather  short  and  thick,  not  reaching  tip  of  abdomen, 
and  hardly  twice  the  length  of  the  tarsi.  Style  about  as  long  as 
the  tarsi,  and  as  usual.  Length  of  body  .06;  to  tip  of  wings  .12 
to  .U. 

This  species,  like  the  ODe  found  on  the  common  tomato,  have 
often  got  their  feet  clogged  with  the  viscous  substance  of  the 
plaDt,  80  aa  to  appear  club-footed. 

Wingless  form.  These  are  usually  found  on  the  pods,  congre- 
gating in  small  colonies,  and  rather  uniformly  of  the  same  green 
color  as  the  pods, 

]  1.    Apbls  annusc,  n.  sp. 

Habit.  On  the  leaves  and  flowering-stem  of  Poa  annua,  L.. 
found  togetl  er  with  Siphonqphora  granaria,  but  this  species 
generaly  was  found  only  on  the  leaves  and  lower  part  of  the  plant, 
while  the  aphis  on  the  upper. 

Winged  form.  Head  and  thorax  of  n  shining  black;  abdomen 
of  a  dull  green.  Head  transverse  as  usual,  and  rather  strongly 
pointed  in  front.  Antenuse  a  little  shorter  than  the  body,  on 
no  frontal  tubercles  but  only  a  small  projection  on  the  inner  side 
taking  the  place  of  it,  all  black;  III  long,  IV  a  little  shorter, 
V  shorter  than  IV,  VI  about  one-half  of  V,  VII  as  long  as 
III  or  sometimes  longer,  setaceous;  the  middle  joint  but  moder- 
ately  tubercular  and  indistinctly  cicatrized.  Beak  as  usual,  black 
at  tip.  Eyes  with  ocular  tubercle;  ocelli  present.  Prothorax 
with  no  lateral  tubercle,  and  as  well  as  the  rest  of  thorax  shining 
black.  Wings  rather  long  and  narrow;  stigmal  vein  but  mod- 
erately curved;  second  branch  of  the  discoidal  very  short  and 
near  to  the  tip.  [One  specimen  examined  had  the  second  branch 
missing  on  one  of  the  wings,  the  other  being  normal.]  Legs 
more  or  less  pale.  Abdomen  of  a  dull  green,  sometimes  with  a 
marginal  rfiw  of  black  spots,  but  usually  quite  uniformly  colored 
througUont.  Honey-tubes  short,  hardly  twice  the  tarsi  and  not 
reaching  tip  of  abdomen,  cylindrical  or  slightly  narrower  on  the 
basal  half  and  near  the  tip,  tip  ending  in  a  flat  rim,  color  black. 
Style  short,  cylindrical,  about  as  long  as  the  tarsi,  black. 
Length  of  body  .07;  to  tip  of  wings  .14. 
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Wingless  form.  The  larree  are  rather  short  with  the  abdomen 
wide  and  strongly  rounded  behind,  of  a  dark  duaky  green. 
AntenuEe  reaching  base  of  honey-tubes,  dusky..  Hoaey-tubea  as 
in  winged  form  but  nsually  pale  at  base.  Style  very  short,  coni- 
cal.    Length  of  body  .06  to  .07. 

This  species  is  readily  recognized  from  the  closely  related 
species  by  the  very  short  second  branch  of  the  wiogs. 

12.    ApblH  asclepladls,  Fitch. 

Found  in  colonies  on  the  upper  leaves  of  Aaclepias  eornuti,  Linn. 
Apparently  Aphis  and  not  Siphonophora  as  Doctor  Thomas 
considers  it.  This  I  found  to  be  very  conimoD  in  this  part  of  the 
state. 

13.    Aphis  brasak-ae,  Liun. 

It  can  usually  be  found  on  the  cabbage  wherever  it  is  culti- 
vated. They  occur  in  small  colonies  distributed  over  the  outer 
leaves,  and  for  the  last  season  have  been  found  very  numerous  in 
certain  localities  of  this  state. 

14.  Aphis  certW!tfoll8e,  Filch. 

Found  on  the  upper  leaves  of  Primus  virginiana,  Lian,,  causing 
them  to  twist  and  curl. 

15.  AphtK  lonicerse,  Monell, 

This  very  peculiar  species  was  ouce  taken  on  /jonicera  glauca,. 
Hill. 

16.    AphlK  plirag^inltidlcola,  □.  ^p. 

Found  on  the  leaves  of  Phragmitis  cotnmunis,  Linn.,  in  small 
colonies  along  the  midrib.  It  is  possible  that  this  may  be  the 
Linnean  species  arundinis,  but  at  present  I  have  no  means  to 
ascertain  this  end  will  therefore  describe  the  species  as  found 
here. 

Winged  form.  Rather  long  and  narrow,  somewhat  flattened. 
Head  and  thorax  black  and  with  a  slight  pulverulent.  Antennse 
about  as  long  as  the  body,  dusky  except  at  base,  on  no  frontal 
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tuberelee  or  only  a  very  slight  lobe  seen  on  the  inner  aide;  I 
sometimes  slightly  gibbous,  III  longest,  lY  a  little  shorter,  V 
a  little  shorter  than  IV,  VI  about  one-half  of  V,  VII  usuaily 
as  long  as  III;  smooth  and  apparently  not  cicatrized.  Eyes 
reddish -brown,  with  ocular  tubercle;  ocelli  present.  Beak 
rather  short  and  blunt,  not  reaching  second  cozse,  pale  except  at 
tip.  Thorax  with  the  lobes  black;  prothorax  rather  large, 
green  in  color,  with  a  very  Bmall  and  inconspicuous  lateral 
tubercle.  Wings  with  the  stigma  long  and  narrow;  stigmal  vein 
but  moderately  curved;  third  discoidal  obsolete  at  base.  Legs 
moderately  long  and  slender,  pale  except  at  joints,  where  they 
are  slightly  dusky.  Abdomen  long  and  narrow,  sides  straight, 
tapering  behind,  flat;  color  uniformly  pale  green.  Honey-tubes 
short,  hardly  as  long  as  the  tarsi,  and  but  a  little  longer  than 
broad,  cylindrical,  rounded  at  tip,  slightly  dusky.  Style  larger 
and  more  conspicuous  than  the  honey-tubes,  about  as  long  as  the 
tarsi,  cylindrical,  sometimes  slightly  curved  upwards,  hairy. 
Length  of  body,  .06;  to  tip  of  wings  .12. 

Wingless  form.  Long  and  narrow,  flattened.  Color  pale 
green,  with  marginal  and  a  middle  band  of  dark'green;  more  or 
less  covered  with  a  white  powder.  Beak  short  and  thick,  not 
reaching  second  coxeb.  Legs  pale  except  the  tips  of  the  tibiee 
and  the  tarsi.  Honey-tabes  and  style  as  in  the  winged  form. 
Antennee  a  little  shorter  than  the  body  or  else  as  in  the  fore- 
going form.  This  species  has  the  honey-tubos  situated  rather  far 
up  on  the  abdomen, 

17.    ApblB  middletODii,  Tbom&s. 

This  interesting  species  was  taken  abundantly  during  the  sum- 
mer on  the  roots  of  ErigeroH  canadensis.  This  species  is  usually 
protected  by  some  colony  of  ants,  who  will  take  them  up  and  carry 
them  off  to  some  safe  place  as  soon  as  disturbed.  If  this  is  bat  a 
-dimorphic  form;  as  Doctor  Thomas  suggests,  it  will  probably 
develop  another  interesting  page  in  the  life  history  of  this  familr. 
But  as  far  as  my  own  observations  go  I  can  add  nothing  to  it. 
The  winged  form  so  far  has  never  been  found.  This  species, 
although  living  nnder  ground,  is  not  exempt  from  parasites,  as 
«ome  species  of  Aphidius  penetrate  even  to  their  deep  abode  and 
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SOW  destruction  among  the  colony.  A  plant  pulled  up,  contain^ 
ing  a  colon;  of  this  species,  bad  almost  every  one  affected, 
more  than  half  of  the  colony  still  clinging  to  the  roots  with 
a  wide  hole  on  the  abdomen  from  which  the  imago  had  made 
his  escape.  One  imago  was  taken  apparently  busy  in  laying  its 
eggs  in  the  few  still  rematnin;;.  They  were  first  seen  in  early 
part  of  September,  when  they  were  found  under  almost  every 
plant  in  the  sandy  soil  along  the  river,  but  later  on  in  the  fall 
when  the  plants  had  die.],  I  could  not  find  any  trace  of  them, 
even  where  they  had  been  very  plentiful  a  short  time  before. 

18.    Aphis  frtBidee,  n.  «p. 

Habit.  Found  together  with  Siphonophorafrigidce  on  Artemisia 
frigida,  a  very  characteristic  species  in  some  respects,  but  un- 
doubtedly a  true  Aphis.  So  far  only  the  wingless  form  has  been 
observed. 

Wingless  form.  General  color  varying  from  a  pale  to  a  rather 
dark  reddish-brown;  the  whole  body  being  covered  by  a  white 
pulverulent.  The  body  is  also  covered  by  a  rather  thick  pubescence 
of  fine  and  short  white  hairs,  not  seen  without  the  aid  of  a  glass. 
Head  transverse,  straight  in  front;  amedio-longitudinalsuture  is 
seen  from  the  front  of  the  head  running  down  some  distance  of 
the  body.  Antenuee  shorter  than  the  body,  sometimes  reaching 
the  base  of  the  honey-tubes,  on  no  perceptible  frontal  tubercles, 
pale  at  base,  apical  half  more  or  less  blackish,  smooth;  I  and  H 
subequal  and  as  usual;  III,  IV  and  7  subequal,  or  III  slightly 
tlie  longest;  VI  two-thirds  of  "V;  VII  the  longest,  longer  than 
III.  Beak  rather  long  and  sharply  pointed,  reaching  the  third 
pair  of  coxte;  first  joint  pale,  seeon  d  and  third  black,  third  very 
narrow  and  sharply  pointed.  Abdomen  oval,  convex,  or  in 
oviparous  females  the  tip  is  usually  much  drawn  out.  Legs 
rather  short,  pale  except  the  tips  of  tibiie  and  the  tarsi,  black; 
cozee  often  also  black.  Honey-tubes  long,  reaching  tip  of  the 
abdomen,  longer  than  the  femora,  and  about  three  times  the 
tarsi,  cylindrical,  ending  in  a  very  conspicuous  round  knob,, 
which  is  as  wide  again  as  the  width  of  the  honey-tubes.  Of  a 
great  many  specimens  examined  all  presented  this  character, 
which  as  far  as  I  know  is  peculiar  to  this  species.     Color  pale  and- 


.vGoogIc 


8TATE   OBOLOQIST.  iT 

traDBparent,  or  but  slightly  dusky.  Style  about  aa  long  as  the 
tarsi,  cylindrical,  rounded  at  end.  Anal  plate  of  oviparous 
females  black  and  hairy.     Length  of  body  .05  to  .06. 

The  habit  of  this  species  is  more  active  than  any  Aphis  with 
which  I  am  acquainted,  in  this  respect  coming  nearer  to  Sipho- 
nophora. 

19.    .\phl8  rumicls,  Lioa. 

Found  occasionally  on  the  common  dock  {Bumex). 

20.    Aphis  atrlpUcis,  Uan. 

Found  on  Chenopodium  album,  Linn. 

21.    Apbls  corolfoUse,  Fitch. 

This  species  is  rather  common  on  the  dog-wood. 

aa.    Aphis  setarliB,  Thomae. 

Found  very  common  on  the  heads  of  Pam'cum  crus-galH,  Linn., 
and  Setaria  glauca,  Beauv.  What  is  apparently  the  same  species 
was  also  taken  on  Ampelopsxa  quinque/olia,  Michx. 

23.    Aphis  carduetia,  Walah. 

Found  on  Cirsium  lanceolatum,  L. 

34.    Aphis  aparines.  Pal). 

Found  on  Gateum  aparine,  Linn.,  and  probably  identical  with 
the  European  species,  the  plant  it  inhabits  being  common  to  the 
two  continents.  But  ns  I  have  no  description  of  this  species  as 
found  in  Europe,  I  give  one  as  found  here. 

Winged  form.  General  color  shining  black.  Head  slightly 
pointed  in  front.  Eyes  dark-brown,  with  a  well  developed 
tubercle;  ocelli  present.  Antennse  about  as  long  as  the  body, 
black,  on  moderately  developed  frontal  tubercle,  especially  as 
seen  from  the  inner  side,  where  they  are  slightly  gibbous;  III 
long  and  slightly  pale  at  base,  lY  and  V  subequal,  TI  about  one- 
half  of  y,  YII  as  long  as  III  or  sometimes  slightly  longer, 
setaceous;  lU — V  slightly  tnbercnlar,  cicatrized  with  small  and 
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irregularly  placed  spots.  Beak  moderately  louff  reaching  second 
cozEe.  Prothorax  with  no  lateral  tubercle,  shining  black  but 
transversely  ridged,  with, membrane  slightly  pale;  rest  of  thorax 
all  black.  Wings  with  stigmal  vein  strongly  curved  on  its  basal 
half;  third  discoidal  obsolete  at  base;  stigma  slightly  dusky, 
long  and  narrow.  Legs  with  the  femora  pale  at  base,  tibise  pale 
except  at  tip,  tarsi  all  black.  Abdomen  black.  Honey-tubes 
reaching  tip  of  abdomen,  about  twice  the  length  of  the  tarsi, 
cylindrical,  black,  ending  in  a  flat  rim.  Style  short.  Length  of 
body  .06;  to  tip  of  wings  .12. 

Wingless  form.  Oeneral  color  a  dull  dark  brown  or  black. 
Pupse  with  the  thorax  and  wing-pads  slightly  paler,  the  tip  of 
wing-pads  black.  From  the  front  of  the  head  there  is  seen  a 
medio-Iongitudinal  line  extending  down  nearly  the  whole  length 
of  the  body.  Antennee  reaching  the  base  of  the  honey-tubes; 
relative  length  of  the  joints  as  above,  but  they  are  smooth  and 
slightly  paler;  frontal  tubercles  rather  more  gibbous.  Eyes  dark 
reddish -brown,  with  a  prominent  tubercle.  Legs  and  honey- 
tabes  of  the  same  color  with  the  body,  or  somewhat  darker. 

This  species  shows  some  characters  of  Siphonophora,  but  in 
habit  and  general  appearance  is  undoubtedly  a  true  Aphid. 

tX.— UeuuH  CttAITOFHOBUS,  Kocli. 

Head  isUierhroad  and  iirdghi  <d  rroni. 
EjM  with  ogoJat  tabercle;  oceJII  pr^Benl. 
Anlennai  nol  on  Ironlil  Inberclu,  umill;  ihorLei  Ihin  Ihe  bodj,  dllUDCIl)'  plloae  m  hairy. 

•  bordered  by  blsck. 


Honej-tnbe*  radacod  to  mere  lobarclsi,  b 

srdlj  longer  than  thlclt,  or  rmely 

Bidr  ol  tbB  «pterons  (orm  nintll;  tnber 

ni ■  led,  >ad  with  long  iiendcr  balr 

niDslly  fonnd  on  the  lesvin  of  Iroei. 

VBulicola.  Thomu, 

1.  Chaitopborus  popullcola,  Tbnmaa. 

Found  on  the  under  side  of  the  leaves  of  Poptdun  inonilifera, 
Ait. 

2.  Ctaaltophorus  Degundlnis,  Thomaa. 

This  species  is  probably  one  of  the  most  injurious  in  this 
locality,  the  apple  plant-lice  probably  excepted.  lb  is  fonnd  very 
common  on  the  box-elder  (Negundo  aceroides,  Moench.),  cans- 
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ing  the  leaves  bo  torn  bl»ck  and  become  ansightly  by  puncturing 
them.  Darmg  October,  when  the  leaves  are  falling,  Ihe  apterons 
oviparous  females  can  usually  be  seen  in  very  great  numbers 
around  the  limba  and  twigs  basy  depositing  their  eggs  around  the 
winter  bads  and  in  every  crevice,  especially  cq  the  under  side  of 
the  limbs,  where  they  can  find  a  safe  place  to  deposit. 

3.    Cbaltophorus  nlgree,  n.  sp. 

Habit.  Found  on  the  leaves  of  Salix  nigra  as  late  as  October 
26tb. 

Winged  form.  Similar  to  Aphis  in  general  appearance.  Entire 
insect  with  long  white  hairs.  Head  black,  rather  straight  in 
front.  Antennas  about  as  long  as  the  body,  black  except  base  of 
III;  I  and  II  as  usual  and  subequal.  III  longest,  17  a  little 
shorter,  V  a  little  shorter  than  IV,  VI  about  one-half  of  V,  VII 
as  long  as  17,  setaceous;  III — 7  moderately  cicatrized.  Eyes 
dark  reddish -brown,  with  a  prominent  tubercle.  Beak  rather 
short,  hardly  reaching  second  coxae,  pointed.  Thorax  all  black, 
prothorax  well  developed,  prouotum  not  narrowed  in  the  middle. 
Wings  as  usual.  Legs  with  the  femora  more  or  less  blackish, 
and  the  tibiee  pule.  Abdomen  wholly  black  or  slightly  pale, 
brown  along  the  sides.  Honey-tubes  tuberculiform,  not  longer 
than  broad,  thickest  at  base,  usually  paler  than  the  body.  Style 
tubercle-like,  or  even  knobbed  as  in  Callipterns,  Length  of  body 
.06;  to  tip  of  wings  .10. 

Wingless  form.  Qeueral  color  a  dull  blackish-brown.  Body 
flat,  obovate  or  oblong,  quite  hairy  and  tubercular  in  young 
specimens,  becoming  smooth  in  full  grown.  Antennae  about 
one-half  the  body  or  a  little  longer,  pale  at  base,  dusky  towards 
the  apex;  relative  length  of  the  joints  as  in  winged  form;  joints 
with  long  white  hairs,  not  very  numerous.  Abdomen  usually 
with  the  middle  and  the  margins  sljghtly  paler.  Honey-tubes  as 
in  the  above  form.     Length  of  body  .06. 

S.    Cbaltophorus  splnosus,  d.  ap. 

Habit.  Found  on  the  under  side  of  the  leaves  of  the  oak.  A 
very  characteristic  and  welt  marked  species.  The  species  seems 
to  confine  itself  to  the  higher  parts  of  the  tree,  as  I  never  found 
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it  on  the  lower  limbs  that  I  observed  daring  the  summer,  where 
CaUipterus  diteolor,  Monell,  was  always  fonod;  aod  it  was  not 
notil  the  17th  of  October,  when  several  oaks  were  cut  on  the 
campus  that  I  found  this  species.  Only  the  wingless  form  has  so 
far  been  observed. 

Wingless  ociparoua  females.  Head  subquadrate  in  oatline, 
atrflif;ht  in  front,  pale  red  or  orange  colored,  with  blackish  spines 
ID  front  and  above  like  those  on  the  Hbdomen.  Antennae  very 
remote  at  base,  abont  one-half  the  length  of  the  body;  I  and  11 
as  QBoal,  III  longest,  IT  a  little  shorter,  Y  a  little  shorter  than 
IV,  VI  hardly  one-half  of  V,  VII  not  longer  than  VI  or  shorter; 
basal  joints  pale,  apical  black,  with  long  white  hairs  as  usual  is 
this  genus.  Eyes  large  and  round,  with  a  distinct  tubercle;  the 
facets  are  reddish-brown,  the  space  between  them  whitish,  giving 
the  eye  the  appearance  of  a  ripe  raspberry  just  picked  with  the 
bloom  still  on;  no  ocelli  in  this  form.  Beak  not  more  than 
reaching  second  coxae,  stout  and  hairy,  pale  except  at  tip;  second 
joint  widest.  Abdomen  widest  in  the  middle,  tapering  into  a 
very  long  ovipositor  behind,  strongly  convex  above.  Color  pale 
yellow,  uniformly  so  on  the  ventral;  last  segments  sometimes 
reddish  as  the  head;  above  with  grass-green  markings,  generally 
in  the  shape  of  a  ring,  leaving  a  large  patch  in  the  middle  of  the 
same  color  as  the  abdomen,  with  projections  as  follows:  one  in 
front,  one  behind,  and  two  on  either  side,  the  one  behind  reach- 
ing down  between  the  honey-tubes.  These  green  markings  give 
an  outline  somewhat  similar  to  that  of  a  turtle  with  its  bead,  tail 
and  feet  all  spread  out,  but  they  are  sometimes  more  or  less 
obscure.  Above  the  abdomen  has  transverse  rows  of  spine-like 
hairs,  black  in  color  and  very  rtf^id,  usually  disposed  in  groups  of 
one  to  four,  but  the  spines  of  each  group  are  rather  far  apart. 
The  abdomen  as  well  as  the  entire  body  has  the  usual  long  white 
hairs  of  this  genus  disposei^  between  the  spines  Honey-tubes 
short  and  thick,  about  as  long  as  thick,  and  not  quite  as  long  as 
the  tarsi,  of  the  sume  color  with  the  body.  Style  short  and 
thick,  tuberculiform,  hairy.  Legs  are  pale  except  the  tips  of  the 
tibiffi  and  the  tarsi,  which  are  black.  Length  of  body  .10 — .12. 
As  stated  above,  this  form  has  the  abdomen  very  much  drawn 
out  so  that  the  average  length  of  the  apterous  form  probably  will 
not  exceed  .10. 
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X.-Oenu8  CALLIPTEBUS,  Koch. 

BnA  broad  uid  nnlght  Id  fronl. 

AntanBB  not  OD  f ronu]  In Mrdta,  or  slB  on  nrf  shortiHiH,  ■srSD-Jalnled;  OuuJtloD  from 

ths  tilth  to  the  ■sT«Dlb  wr;  gudnal. 
Byes  Itix*  uid  rooad,  with  ■  dlMlncI  lobercle,  Diaally  ot  ■  bright  red  color;  oodii  pnMOI. 

Winsi  dgOeisd;  front  <tin|*  with  thsnlKiiul  Tein  nmch  enrved,  not  robaal,  nnuU}  man  M 
Ism  hjillin;  cobltsl  vein  Bpclnglng  trom  oeir  the  biae  of  the  itlgnu;  wcond  dlicaldnl 
dnnoD*.    Bind  wIPC*  with  Iwodieooldal*. 

Bonaf-tabM  ebort,  often  hetdtf  perceptible. 

Style  short,  enluged  tt  apex 

Body  elongUe.  fleodet,  of  very  pele  colon. 

Hkbit  aporadJc. 

Typical  American  upeclea,  OilfitXsnii  ditcalor,  Uonell. 

1.    CaUipt«ru8  nlmilfrill,  Honell. 

Fouad  on  the  underside  of  the  leaves  of  XJlmua  americana,  L. 

a.    Gallipterus  asclepiadiB,  Monel). 

Very  common  on  Aselepias  eornuti,  L. 

3.    CaUlptenu  discolor,  Mooetl. 

This  speoiee  together  with  Chaitophorua  spinosus  are  the  most 
common  and  abundant  on  the  oaka  arouad  Minneapolis. 

4.    Calliptems  bettUsecolens.  Flich. 

Fouad   on  Betula  papyracea.   Ait.     Dr.    Fitch  is  apparently 
entitled  to  thin  xpecies. 

S.    CallLptenu  cary»,  Monell. 

On  Carya  atnara.  Nutt.     Very  rare  as  far  as  observed  in  this 
locality. 

XI.— Oenus  liACHNUS,  llliger. 

n«adBm>ll  and  narrow. 

ealb  Joint  not  longer  than  lh« 

Ihe  poatetlor  coi«. 
larrow,  mora  of  a  linear  »hBi«; 
nalerlor  wln^i  with  two  brtneh 


Aolpnoie  not  oi 

1  frontal  tDb«rcle>,  nw 

lally  qniie  abo 

filth,  and  often  reduced  to  a  ml 

nuleipiirat  tb( 
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roand,  with  tnbercle:  ■ 

ocelli  pnWQi. 

Baal:  long  and 

rather  Blender,  eitendli 

agio  and  even  1 
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1.    Lachnua  sallclcQiat  Uhler 

This  is  ttie  only  species  so  far  observed  in  this  state,  yet  I  do 
)aot  doubt  that  most  of  those  found  in  America  will  eventually 
also  be  found  here,  as  they  usually  inhabit  trees  that  are  common 
over  the  greater  part  of  the  state.  The  species  has  been  found 
very  common  and  abundant  on  several  varieties  of  willow  from 
early  May  to  late  in  November.  Once  also  taken  on  the  young 
twigs  of  a  poplar  (Populua).  In  early  spring  especially  they 
exade  very  abundantly  a  clear  watery  Suid,  but  it  seems  not  to 
have  that  sweet  quality  usually  found  in  the  family  of  plant-lice, 
&a  Qo  ants  were  ever  observed  to  feed  on  it.  On  being  crashed 
they  stain  the  hand  a  deep  red. 

The  eggs  are  laid  in  October  and  November  on  the  limba,  and 
especially  around  the  winter  buds. 

XII.— Genus  MA-STOPODA,  g.  aov. 

Hind  InDBTenc.  ronaded  in  rront. 

<Tery  probably  bx  Ibo  anioa  ot  the  third  and  Ibe  fonrlh);   <be  third  :'nd  wucom" 

Byecwllb  tncoiiKplcuoae  labsrcle;  ocelli  preMnt. 

Beak  long.  KKCblne  iblrd  coie. 

Winipi  as  in  Apbis.  bnt  the  vaontlon  qnite  vailsble. 

Laga  m'ldeniU'))'  Inng;  tibise  all  truncali'd  at  the  lip,  and  wllh  radimuDUir]'  IHisi,  ODly  a 

Fbnrt  mammifoi  m  inberda  wllb  do  cl^nx,  lakes  Ibe  place. 
Honer-iabn  moderdely  long,  cyltodrlcal. 
Siyli'  abort  and  Inbrnje-llke. 
Fonnd  In  large  cnlonice  aa  Aplile 
Typical  upedoa,  M'lttoBoda  jitendit. 

The  anomalous  speciesi  for  which  this  genus  has  been  erected 
will  not  fall  into  any  of  the  genera  so  far  aa  known  to  me.  In 
size,  form  and  habit,  it  comes  nearest  to  Aphis,  and  as  to  the  six- 
jointed  antennee  it  could  be  put  in  Sipha  tt^ether  with  Sipha 
rubifoUi  of  Doctor  Thomas.  But  the  peculiar  form  of  the  tibia 
and  the  rudimentary  tarsi  will  exclude  it  from  either.  I  confess 
that  I  am  unable  to  account  for  this  peculiar  structure,  or  what 
importance  should  be  assigned  to  it.  There  seems  to  be  nothing 
analogous  to  it  either  in  this  family  or  order  of  insects  under 
consideration. 

Although  the  form  of  the  autennte  will  put  it  in  the  section 
Lachnini  I  think  it  could  be  put  in  Apkidim  with  as  much  pro- 
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priety,  especially  if  we  take  into  consideration  the  setaceons  and 
long  character  of  the  last  joint,  and  the  probable  anion  of  the 
third  and  fourth  joint  formiafir  tho  third  in  this  species. 

1.    Hastopoda  pteridla,  n.  sp. 

Habit.  Found  in  lurge  colonies  on  the  underside  of  the  troniU 
of  Pleria  aquUina,  L.,  or  common  hrake. 

Winged  form.  Heud  transverse,  rounded  or  slightly  pointed  in 
front  as  in  Aphis,  flat  above  with  a  slight  impression  in  the  mid- 
dle, black  or  blackish.  Eyes  dark-brown;  the  ocular  tubercle 
hardly  perceptible;  ocelli  present  and  bonspicuona,  bordered  by 
a  ring  of  deeper  black.  Antennse  not  on  frontal  tubercles, 
remote  at  base,  about  as  long  as  the  body;  6-jointed,  black;  I 
and  II  subequal  and  slightly  narrower  at  base;  III  very  long  and 
thick,  narrow  at  the  insertion  with  I[,  longer  than  IV  and  T 
together;  IV"  about  one-half  of  III,  similar  to  it;  V  short  about 
one  half  of  IV,  narrower  and  smooth;  YI  long  and  setaceous, 
usually  as  long  as  III.  Beak  long,  reaching  third  coxse,  pale 
except  at  tip.  Pronotum  of  the  prothorax  narrowed  in  the  mid- 
dle, with  no  lateral  tubercle,  black  or  blackish  with  the  mem- 
brane greenish.  Thorax  all  black,  slightly  shining.  Wings  as 
in  Aphis,  but  the  venation  raries  a  great  deal;  third  discoidal 
obsolete  at  base;  seconl  branch  about  as  far  from  the  margin  as 
from  the  origin  of  the  first;  second  pair  of  wings  with  two  dis- 
coidals,  but  the  second  sometimes  obsolete,  and  with  two  rather 
long  and  slender  booklets.  Legs  pale  brownish  or  more  or  less 
dusky  with  only  the  tips  of  iibiee  quite  black;  tibiee  are  rather 
long  and  Somewhat  enlarged  at  the  tip,  which  is  truncated  and 
apparently  hollow  and  with  no  tarsi  proper;  a  short  mammiform 
tubefcle,  rounded  at  end,  with  no  claws,  from  the  inner  side  of 
the  hollowed  tibife  is  all  that  i:an  be  found  as  a  rudimentary 
tarsus.  I  have  examined  a  great  many  specimens  in  all  stages 
and  at  different  times,  but  have  not  found  the  slightest  rariation 
in  this  respect.  Apparently  they  walk  on  the  perpendicular  sur- 
face of  glass  with  more  ease  than  any  other  species  in  this 
family.  Abdomen  pale  green  or  yellowish -green,  more  or 
lesj  dutky  in  the  middle,  sometimes  forming  a  well  defined  sub- 
qu  iir<ite  patch;  ventral  uniformly  pale.     H  oney -tubes  com  par  a- 
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lively  long,  about  as  long  as  the  distance  between  them, 
cylindrical,  du^ky  or  black.  Style  very  short  and  tubercnliform, 
hairy,  concolorous  with  body.  Anal  plates  hairy;  the  upper 
transverse  and  aauallv  pale,  the  lower  concave  on  the  inner  side 
'  and  usually  dusky.  Length  of  body  (males)  05  to  .06;  to  tip  of 
WJDKB  .10  to  U. 

Apterous  forms.  The  pupa-form  is  very  conspicuous  by  its 
reddish -yellow  head  and  thorax,  the  abdomen  being  pale  yellow; 
tip  of  wing-pads  pale,  Antenoie  as  in  foregoing  form,  reaching 
honey-tubes.  Ej-es  large,  but  the  tubercle  is  not  very  conspica- 
ous;  ocelli  rudimentary  as  brown  spots.  Honey-tubea  reaching 
tip  of  abdomen,  usually  pale,  sometimes  dusky.  Legs  pale;  tarsi 
rudimentary  as  above.  LarvEe  are  slightly  smaller,  pnle  yellow, 
with  tortoise-shell  markings  on  the  abdomen.  Legs  and  honey- 
tubes  pale      Length  of  pupa  .07.     Length  of  larvw  .05 

The  venation  of  this  species  probably  varies  more  than  in  any 
other  so  iar  as  known.  I  give  the  result  of  14  specimens  taken 
at  chance  and  examined  in  reference  to  this. 

six  b^d  bolh  wlaga  normil. 

Three  bad  one  wing  narmBl  ind  the  alber  wIUi  Ibe  Uiird  diKOldal  bat  on«  bnncbed. 

One  with  Uie  ■tigmat  vsln  csarljr  Mralghl  hi  hotb,  and  wlQi  ona.balr  ot  the  aeeond  forhal 

obeolela  In  one  of  lh»  wtngt. 
One  apedmen  wtth  the  Bftcoud  bnach  obaolsle  to  otie  ot  lb*  wEoga,  aod  tb«  mat  nditnmliaj 

In  the  eecond  ■ 
Oba  apeclmen  with  one  w log  normalj  tba  second  wlUi  rbe  rorkal  of  ibe  flni  branch  rndi- 

Oiw  Ipeclmau  with  the  ■dEmal  vain  In  one  of  the  wines  once- branched. 

One  ipeclmen  with  iha  ibird  diacoldal  Ibree  timea  branched  In  one  of  tba  winge.  and  the 


XTII.— Genus  SCHIZONEURA,  Hanig. 

1.  SchlEoneura  americana.  Rile;. 

Found  On  the  white  elm  (Ultnus  americana,  L.,)  causing  the 
leaves  to  curl  and  become  disfigured.  Very  common  espeeiallv 
on  young  trees. 

2.  SctalzooeDra  paai«ola,  Thomas. 

This  very  peculiar  species,  from  its  inhabiting  the  roots  o 
grasses,  is  found  rather  common  in  this  locality  on  Panicum 
glabrum,  L.,  Setaria  glauca,  Beauv.,  and  Eragrostis  peetinacea, 
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Tar,,  spectabilis,  Gray.     The  winged  form  was  observed  plentiful 
September  SOtfa.    Ants  were  generally  foand  to  herd  this  species. 

3.    Schlxoneura  quercl.  Vitcb. 

What  was  taken  to  be  this  species  was  taken  on  oak,  but  only 
apterous  form  so  far  seen. 


XIV.— OonuB  COLOPUA,  Honell. 

1.    Ct^pha  compresNA,  Kocb. 

The  cock'S'Comb  gall  uf  the  white  elm.  (Ulmus  americana,  L.) 
So  far  I  have  not  found  it  very  common  in  this  locality. 

XV.— OenOB  PEHPHIOUS,  Hariig. 
1.    Pemphl^ns  popolicanUs,  Fiicb. 

Found  rather  common  on  Popvlus  monUifera,  Ait.  I  have  also 
this  species  from  Nicollet  county. 

2.    PemphlflTiu  popnli-traoaversiu,  Riley. 

Like  the  last  found  ojiPoptdus  monilifera,  Ait.  along  the  river- 
bank.  Sometimes  the  two  were  taken  together  on  the  same 
tree. 

3.    PemphigaB  ragabundus,  Walsh. 

The  unsightly  black  galls  of  this  species  too  often  disfigure 
the  poplars  in  and  about  Minneapolis  as  they  remain  orer  win- 
ter. Toung  trees  seem  enpecially  to  be  effected,  and  often  almost 
every  twig  ends  with  one  of  these  galls. 

4.    Pemphigus  rbols.  Fitch. 

Found  rather  sparingly  on  Rhus  glabra,  L. 
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XVI.  -OeDOS  TYCHKA,  Koch. 
1.    Tfcbea  radicola,  d.  sp. 

A  few  very  peculiar  Bpecitnens  were  found  on  the  lootB  of 
Ambrosia  trifida,  L.,  September  the  14th,  but  as  I  did  not  succeed 
to  find  it  again,  I  am  not  quite  aatiafied  as  to  its  generic  position. 
I  will  give  my  notes  as  taken  at  the  time. 

Apterous  form.  Head  nearly  as  broad  as  long,  rounded  in 
front;  two  small  spots  of  black,  these  probably  are  rudiments  of 
eyes.  Antennas  5- jointed  (or  6-jointed  counting  the  spur  on  the 
last  aa  one),  pale  or  only  slighty  dusky  towards  the  tip;  I  and  II 
short  and  subeqaal.  III  longest  and  about  as  long  aa  the  two 
first,  IV  but  a  little  shorter,  V  as  long  aa  III  counting  the  spar, 
or  else  about  as  long  as  IT;  smooth,  or  with  a  few  short  and 
slender  hairs  near  the  apex  of  each  joint.  Beak  very  long  reach- 
ing to  the  n^iddle  of  the  abdomen;  first  joint  longest  reaching 
eligbtly  beyond  the  third  cozse,  second  short,  last  but  a  little 
longer  than  second,  gradually  narrowed  to  a  point  but  not  sharply 
bo;  two  last  joints  slightly  dusky.  Abdomen  suborbicular,  very 
convex  above,  color  whitish  (as  is  the  whole  insect),  the  margin 
with  a  row  of  small  tufts  of  white  flocculant  matter.  No  honey- 
tubes  apparent.  Style  short,  globular,  with  some  rather  long 
and  curved  hairs.     Length  of  body  .00. 

The  University  of  Minnesota,  Dec.  1,  1885. 
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REPORT  ON  THE  LOWER  SILURIAN  BRYOZOA  WITH 

PRELIMINARY  DESCRIPTIONS  OF  SOME 

OF  THE  NEW  SPECIES. 


Bt  e.  O.  ulrich. 


The  bryozoa  are  unusually  abundant  in  the  Lower  Silurian 
strata  of  Minnesota.  This  is  especially  true  of  the  Trenton 
ihales,  in  which  they  constitute  about  two-thirds  of  the  entire 
fauna.  Many  of  the  species  are  extremely  abundant,  and  the 
thin  slabs  of  limestone  are  largely  composed  of  theit  fragments. 
The  8halee|immediately  succeed  the  "Buff  limestone,"  in  which 
but  few  remains  of  this  class  of  fossils  occur.  Those  observed, 
moreover,  are  so  badly  preserved  that  it  was  found  impossible 
to  determine  the  species.  Just  below  this  limestone  and  rest- 
ing on  the  St.  Peter  sandstone,  is  found  the  building  stone 
commonly  used  at  Minneapolis.  This  limestone  does  not  appear 
to  belong  to  the  Trenton  group,  and,  judging  from  the  fossils, 
seems  rather  to  indicate  an  equivalence  with  the  Chazy,  or, 
perhaps,  Black  River.  These  strata  are  not  present  in  the 
iections  studied  in  Wisconsin  and  Illinois,  where  the  "Buff 
limeston^'  rests  on  the  St.  Peter  sandstone,  but  at  High 
Bridge,  Ky.,  they  are  represented  by  a  mass  of  rock  several 
hundred  feet  in  thickness.  The  beds  in  the  neighborhood  of 
Lebanon,  Tenn.,  seem  to  belong  to  the  same  age.  The  shales 
which  are  here  called  Trenton,  are  assigned  in  some  preceding 
reports  to  the  "Hudson  River"  group,  but  the  fossils  contained 
in  them,  notably  the  bryozoa,  show  conclusively  that  that  is 
not  their  true  position.  Of  the  eighty-three  species  of  bryozoa 
*  obtained  from  them,  no  less  than  twenty-five  are  identical 
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with  species  occarrmg  in  the  Trenton  of  New  York,  Canada, 
and  Tennessee.  That  they  really  belong  to  the  Trenton  is 
further  shown  by  the  fact  that  they  are  superseded  by  the 
Galena. 

In  the  followiug  list  are  noted  all  the  species  so  far  studied. 
More  extended  investigations  will,  I  do  not  doubt,  swell  the 
number  some  twenty  or  thirty  more.  Because  of  other  engage- 
ments I  did  not  have  the  time  required  to  write  out  descriptions 
of  all  the  new  species,  but  this  is  scarcely  a  cause  for  serious 
regret,  since  the  survey  proposes  to  publish,  at  an  early  date, 
full  descriptions  and  illustrations  of  all  the  species  found  in 
the  state. 


BERENICEA  MINNESOTENSIS,  n.  «|' 

Zoartum  attached  to  foreign  bodies,  consisting  of  extremely 
thin  patches,  irregular  in  outline.  Zooecia  partially  immersed, 
the  exposed  portion  appearing  as  broadly-elliptical  convex 
spaces,  about  l-95th  of  an  inch  in  their  longest  diameter. 
Apertures  somewhat  oblique,  contracted,  circular,  1-200  of  an 
inch  in  diameter,  and  surrounded  by  a  barely  perceptible  rim 
or  peristome.  The  arrangement  of  the  cells  is  usually  more  or 
less  regular  in  carved  diagonal  lines;  not  infrequently,  how- 
ever, the  specimens  show  considerable  variation  in  the  number 
occupying  a  given  space,  while  here  and  there,  a  small  non- 
cetluliferous  spot  may  be  detected.  From  six  to  nine  may  be 
counted  in  the  length  of  .1  inch,  bnt  the  average  number  is 
about  seven. 

The  relations  of  this  species  appear  to  be  almost  exactly 
intermediate  between  the  two  Cincinnati  group  ^ecies  B. 
primitiva  and  B,  vesiculosa.  From  the  former  it  differs  in  having 
its  cells  less  immersed,  and  the  apertures  less  prominent  but 
more  distinctly  contracted.  In  distinguishing  B.  minnesotensia 
from  B.  vesiculosa,  the  same  differences  become  apparent,  but 
reversed  in  their  application. 

Formation  and  locality:  Not  uncommon  in  the  shales  of  the 
Trenton  group,  at  Minneapolis,  Minn. 

Register  Ifo.  592S. 
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BOPALOlTABtA  PBBTBNVI8,  n.  sp 

Zoarium  adnate;  cells  aniserial,  verj  elongate -elliptical, 
about  four  in  the  length  of  .1  inch;  from  the  proximal  end, 
which  is  Tery  slender  and  always  more  so  than  the  anterior, 
the  cell  gradually  increases  in  size  until  at  the  center  or  some 
point  nearer  the  anterior  end,  it  has  assumed  a  diameter  of 
about  l-130th  of  an  inch.  This  point  is  marked  by  the  presence 
of  the  aubcircular  aperture,  which  is  surrounded  by  a  very 
faint  peristome,  and  has  a  diameter  of  leas  than  l-200th  of  an 
inch.  At  every  fourth  or  fifth  cell  the  aeries  bifurcates;  this 
cell  is  more  abruptly  swollen  and  larger  than  those  intervening, 
while  it  differs  still  further  in  having  its  aperture  situated 
quite  near  the  anterior  end. 

This  species  is  closely  allied  to  the  Stomatopora  (Ropalonaria) 
elongata,  Vine,  from  the  English  Wenlock  deposits.  Its  rela- 
tion to  the  type  of  the  genus,  R.  venosa,  Ulrich,  from  the 
Cincinnati  group  of  Ohio,  is  however,  still  more  intimate. 
The  former  it  resembles  in  its  growth,  and  the  latter  in  the 
shape  of  its  cells. 

Formation  and  locality:  Rare  in  the  Trenton  shales,  at  Min- 
neapolis, Minn. 

Register  No.  6826. 

HEL.OPOKA  DIVABICATA,  n.  sp 

Zoarium  segmented;  segments  cylindrical,  poriferous  on  all 
aides,  obtusely  pointed  at  each  end,  and  varying  in  length  from 
two  to  four-tenths  of  an  inch;  their  diameter  varies  between 
.02  and  .03  inch.  Zooecial  apertures  oblique,  ovate,  spreading 
anteriorly,  and  arranged  in  troughs  between  strong  longitu- 
dinal ridges,  sis  in  the  length  of  .1  inch.  Passing  around  and 
forming  the  posterior  border  of  the  aperture  is  a  faint  ridge 
that  on  each  side  is  obliquely  directed  across  the  longitudinal 
heels,  where  it  meets  a  similar  line  proceeding  from  one  of  the 
cells  in  the  adjoining  series.  These  divaricating  lines  give  to 
the  strong  vertical  ridges  the  appearance  of  being  marked  by  a 
succession  of  A-shuped  furrows  and  elevated  lines.  Eight  or 
nine  rows  of  cells  suffice  to  pass  around  a  segment. 
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Beyond  the  fact  that  the  zooecia  are  tubular  and  radiate  in 
all  directions  from  a  central  axis,  the  internal  structure  is  un- 
known. 

ThiB  speciea  ia  clearly  congeneric  with  Helf^ra  frag  ills,  Hatl, 
and  H,  spiniformts,  "Ulrich.  The  last  species  was  originally 
placed  by  me  in  the  genus  Artkroclema  of  Billings.*  At  that 
time  I  had  not  vet  succeeded  in  obtaining  satisfactory  sections 
of  the  type  species  of  Helopora.  Through  the  kindness  of  Mr. 
Arthur  H.  Foord,  who  sent  me  better  material  of  the  species 
than  I  had  yet  seen,  I  have  since  been  enabled  to  work  out  its 
structure.  In  nearly  all  respects  it  is  identical  with  th&t  of 
H.  spiniformis.  This  being  the  case,  the  question  whether  Artk- 
roclema could  be  distinguished  from  Helopora  by  characters  of 
more  than  specific  importance  at  once  presented  itself.  While 
I  am  not  yet  prepared  to  assert  that  the  differential  characters 
observed  are  really  of  generic  value,  still  I  believe  that,  pro- 
visionally, the  best  plan  is  to  keep  them  separate.  One  of  the 
most  striking  external  features  of  the  three  species  of  Helopora 
now  described,  and  two  other  species  known  to  me,  is  found  in 
the  arrangement  of  the  zooecial  apertures  between  vertical 
ridges.  These  ridges  are  not  obvious  in  the  Canadian  speci- 
mens of  Artkroclema  pulchellum,  nor  in  the  Minnesota  examples 
at  present  doubtfully  identified  with  that  species.  Instead,  we 
find  two  or  three  more  or  lessflexuous  lines  and  grooves  mark- 
ing the  inter-zooecial  spaces.  A  more  important  difference  is 
found  in  the  reproduction  of  the  segments.  In  the  species  of 
Helopora  this  is  only  terminal;  while  in  Arthroclejna pulchellum 
it  is  both  terminal  and  lateral,  there  being  two  "sockets" 
situated  just  opposite  each  other  on  the  opposite  sides  of  each 
of  the  main  segments  for  the  articulation  of  the  smaller  lat- 
eral branches.  The  form  of  z&arium  resulting  from  this  mode 
of  growth  resembles  that  of  a  feather  in  having  a  strong  cen- 
tral rib  and  more  slender  lateral  branches.  On  the  other  hand, 
the  mode  of  growth  of  Heli^ora  seems  to  be  precisely  like  that 
of  Artkronema,  Ulrich,  in  which  each  segment  gives  off  from  its 
upper  termination  one  or  two  similar  joints.  Whatever  course 
may  be  finally  adopted  in  the  disposition  of  HeloporaanA  Arth- 
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roelema,  enough  of  their  structure  is  known  to  make  their  ref- 
erence to  the  fam.  Arthrortftnidce  almost  unquestionable. 

Specifically,  ff.  dkaricata  is  distinguished  from  H.  apim- 
formis  by  its  slightly  larger  cells,  more  distinct  longitudinal 
ridges,  and  their  peculiar  ornamentation. 

Formation  and  locality:  Rather  rare  at  the  base  of  the  Tren- 
ton shales,  at  Minneapolis,  Minn. 

Brgister  No.  5928. 

PHVLLOPORA?    00BTICO8A,  n.  sp. 

Zoarium  Sabellate  to  funnel-shaped,  undulating  and  irregu> 
lar  in  growth,  composed  of  anastoiaosing  branches  having  a 
width  varying  from  0.015  to  0,035  inch.  Poriferous  side  pre- 
senting the  appearance  of  a  Fenestella  with  carinate  and  more 
or  less  rigid  branches,  and  much  depressed  dissepiments.  On 
each  side  of  the  sharp  and  usually  spiniferous  median  ridge, 
there  are  two  rows  of  rather  irregularly  alternating  circular  cell- 
apertures,  thirteen  or  fourteen  of  which  occur  in  the  length 
of  0.1  inch.  The  depressed  dissepiments  are  short  and  carry 
two  or  three  rows  of  cells.  In  rare  instances  this  division  of 
the  frond  into  rigid  branches  and  dissepiments  is  not  recogniz- 
able. In  such  fragments,  or  portions  of  elsewhere  normally 
constructed  specimens,  the  branches  anastomose  rather  irregu- 
larly and  are  simply  convex,  not  carinate,  the  median  ridge 
being  apparently  absent.  Branches  on  the  non-celluliferous 
side  of  frond  faintly  striated,  and  tending,  though  not  so  obvi- 
ously aa  on  the  poriferous  face,  to  forpi  longitudinal  ridges. 
Fenestrules  varying  in  outline  from  elongate-elliptical  to  sub- 
circular,  with  a  width  rarely  more,  usually  a  little  less  than 
that  of  the  branches,  and  a  length  from  one  to  three  times 
the  width.  Measuring  transversely,  from  six  to  eight  occupy 
0.2  inch ;  longitudinally,  from  two  and  a  half  to  four  occur  in 
the  same  distance. 

Tangential  sections,  cutting  the  frond  through  the  plane  of 
its  expansion  and  near  the  middle  of  its  thickness,  show  that 
the  branches  are  divided  into  approximate  halves  by  an  ob- 
scurely double  wall,  thicker  than  those  of  the  tubes,  diverging 
from  it  toward  each  side.     The  tubes  have  thin  walls,  are  long. 
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and  divided  by  distinct  straight  diaphragmB  in  their  outer 
portion.  Where  the  section  divided  the  tabes  just  below  their 
apertures  they  are  seen  to  be  subcircul&r,  with  slightly  thick- 
ened walls,  and  partially  separated  from  each  other  by  angalar 
interstitial  or  abortive  cells,  that  may  be  considerably  smaller 
.  or  even  a  little  larger  than  the  true  zooecia.  Here  and  there, 
along  the  middle  of  the  branch,  one  of  the  spiniform  tubuli 
may  be  detected. 

Vertical  sections  show  that  the  zooecial  tubes  also  arise  from 
a  thick  basal  membrane,  from  which  they  diverge  in  an  upward 
and  outward  direction,  that  their  approach  to  the  ceHuliferous 
surface  is  very  gradual  in  the  lower  half  of  the  brunch,  and 
somewhat  less  so  in  the  upper  half.  Here  they  are  crossed  by 
two  or  three  unmistakable  diaphragms,  and  their  number  in- 
creased by  gemmation.  These  shorter  tubes  I  am  inclined  to 
regard  as  representing  the  angular  interstitial  (abortiveO  cells 
noticed  in  describing  the  tangential  section. 

In  transverse  sections  the  branches  are  sub-rhomboidal,  the 
lateral  diameter  being  the  shortest.  The  median  ridge  is  rep- 
resented by  an  obscurely  double  vertical  wall,  dividing  the 
branch  into  two  nearly  equal  portions.  Between  the  two 
laminte  forming  this  wall  I  can  detect  a  series  of  very  minute 
tubuli,  such  as  are  found  between  the  median  laminse  of  many 
of  the  Stktoporida.  The  lateral  portion  of  the  circumference 
of  the  cells,  (t.  e.  the  half  directed  toward  the  sides  of  the 
branches,)  is  rounded  or  semi-circular,  while  the  opposite  half 
is  wedge-shaped. 

This  species,  though*  in  many  respects  very  peculiar,  is  un- 
questionably allied  to  such  bryozoa  as  Intrkaria  reticulata. 
Hall,  /.  clathrata,  S.  A.  Miller,  Retepora  trentonensis,  Nichotson, 
a  angulata,  Hall,  R.  aaperatostriata,  Hall,  and  Phyllapora 
variolata,  Ulrich.  These  species  are  all  congeneric,  but  there 
is  no  established  genus  to  which  they  can  be  referred  with 
certainty.  In  an  earlier  writing*  I  placed  two  of  the  species 
in  King's  genus  Pht/llopora,  but,  at  present,  I  am  inclined  to 
believe  that  the  type  of  that  genus  will  prove  to  be  quite  a 
distinct  form.  Judging  solely  from  Prof.  King's  figures  and 
description  the  affinities  of  P.  ekrenbergi  seem  to  be  not  far 
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removed  from  Polypora,  McCoy,  and  Lyropora,  Hall.  Should 
this  be  the  case,  then  it  would  be  necessary  to  establish  a 
new  genus  for  the  reception  of  the  species  above  cited,  as  their 
relation  to  those  genera  is  only  very  alight.  In  fact,  I  doubt 
that  their  peculiarities  of  structure  will  admit  of  their  being 
arranged  in  the  same  family.  Still  until  something  further  is 
learned  of  the  structure  of  P.  ehrenbergi,  I  have  concluded 
to  defer  the  erection  of  a  new  genus,  and  will,  provisioDally 
classify  them  with  Phyllopora,  adding  the  usual  question  mark. 

Specifically,  P.f  corlicosa  is  readily  distinguished  from  other 
species  of  the  genus,  by  the  carinated  character  of  the  branches. 
A  species,  at  present  doubtfully  identified  with  PJ  irentonensis, 
Nicholson,  occurs  in  what  is  called  the  building  rock.  These 
beds  are  the  same  as  those  occurring  in  the  gorge  of  the  Ken- 
tucky river  at  High  Bridge,  Ey.,  and  at  Lebanon,  Tenn.,  and 
most  probably  represent  the  Chazy.  The  P.f  retieiUata,  Hall,  is 
quite  common  in  the  Trenton  shales  at  Minneapolis. 

Formation  and  UxalUy.  Trenton,  at  Oxford  mills,  Cannon 
Falls,  Goodhue  Co.,  Minn.,  where  it  is  associated  with  Strep- 
telasma  comiculum,  Hall,  Praaopora  conoutea,  n.  sp.,  and  other 
fossils  characteristic  of  the  Trenton  shales  about  Minneapolis. 

Register  No.  3495. 


PTILODICTYA  SUBRECTA,  n,  »p. 

Zoarium  consisting  of  an  unbranched,  flattened,  two-edged, 
straight  or  slightly  curved  frond,  that  gradually  expands  from 
the  acutely -pointed  articulating  "head"  upward  from  0.2  to 
0.5  of  an  inch,  the  edges  of  the  rest  of  the  frond  being  parallel, 
or  nearly  so.  The  greatest  width  varies  in  different  examples 
from  0.05  to  0.15  of  an  inch.  The  total  length  is  generally 
about  one  inch,  though  it  is  not  uncommon  to  find  specimens 
of  nearly  twice  that  length.  The  thickness  rarely  exceeds 
0.04  inch.  Cells  rhomboidal,  with  acutely -elliptical  apertures, 
arranged  in  intersecting  diagonal  lines,  the  regularity  of  which  ' 
is  sometimes  interrupted  along  the  narrow,  but  distinct  non- 
poriferous  margin,  where  they  are  slightly  larger  than  over 
the  central  portions  of  the  frond,  and  have  a  tendency  to  form 
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• 
longitadinal  series.  For  a  short  distance  above  the  pointed 
basal  termination  the  zoariam  is  sub-cylindrical,  and  the  cell 
apertures,  being  extremely  elongated  and  apparently  confluent, 
give  this  portion  the  appearance  of  being  finely  striat«d. 
Measuring  diagonally,  eleven  cells  occur  in  the  length  of  0.1 
inch ;  transversely  sixteen,  and  longitudinally  six,  occupy  the 
same  space. 

This  form  takes  the  place  of  P.  (Esckaropora)  recta,  Hall,  in 
the  western  exposnres  of  the  Trenton  group.  It  is  quite  rare 
in  Kentucky  and  Tennessee,  but  common  in  Minnesota,  If  I 
am  right  in  my  identification,  it  also  occurs  in  the  lower  beds 
of  the  Cincinnati  group  (Utica  shale')  in  Ohio.  Its  geological 
and  geographical  ranges  are  therefore  quite  extended,  and  make 
it  desirable  that  it  should  be  held  as  distinct,  although  it  ia, 
unqoestionably,  very  closely  allied  to  both  P.  recta  and  P./at- 
ciformis,  ^Nicholson.  It  is  narrower  and  generally  smaller  than 
either  of  those  species,  while  its  nearly  straight  form  and  more 
acute  basal  termination  will  serve  to  distinguish  it  from  the 
latter.  The  type  specimens  of  P.  recta  are  sub-cylindrical,  but 
should  this  peculiarity  prove  to  be  due  to  extreme  age,  then  the 
points  of  difference  between  the  three  forms  would  be  reduced 
to  less  than  specific  importance,  in  which  event  I  should  clas- 
sify them  as  varieties  of  the  same  species. 

The  genus  Ptilodictya  as  defined  by  me,  naturally  divides  into 
two  groups:  (1)  the  section  containing  the  type  species,  P. 
lanceolata,  Goldf.,  in  which  the  cells  have  a  plumose  arrange- 
ment; and  (2)  another  section  containing  the  three  species  or 
varieties  in  question,  in  which  the  cells  are  arranged  in  inter- 
secting diagonal  series,  .  The  first  or  typical  section  of  the  genas 
commences  its  existence  near  the  top  of  the  Cincinnati  group, 
when  the  second  section  has  become  about  extinct,  and  is  best 
represented  in  Upper  Silurian  deposits.  That  its  species  are, 
however,  direct  descendants  from  those  of  the  second  sectionj 
cannot  bedoubted;  P.  plumaria,  James,  (as  fig,  by  TJIrich),  and 
P.  magnifica,  S.  A.  Miller,  being  clearly  transitional  forms. 
Should  it  become  desirable  to  separate  the  two  groups.  Hall's 
genus  E.ickaropora  would  include  the  second  section,' 
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Formation  and  toealittf:  A  commoa  species  in  the  Trenton 
shales,  at  Minneapolis,  and  other  localities  in  Minnesota.  It 
also  occurs  in  the  Trenton  limestone  of  Kentucky  and  Ten- 
nessee. 

Register  No.  5929. 

ARTHBOPORA  SIMPLEX,  n.  xp. 

Zoarium  jointed,  segments  fragile,  unbtanched,  acute-elip- 
tical  in  transverse  section,  from  0,4  to  0,7  inch  long,  from 
0,01  to  0,07  inch  wide  and  not  ceeeding  0.04  of  an  inch 
in  thickness.  The  first  segment  is  sometimes  irregularly 
branched,  but  that  condition  does  not  appear  to  be  nor* 
mal.  The  base  of  this  joint  is  obtusely  pointed  and  striated, 
the  striae  extending  above  the  articulating  shoulder  one-tenth 
of  an  inch  or  more.  The  extremities  of  the  succeeding  seg- 
ments are  smooth  or  faintly  striated,  and  slightly  swollen. 
Zooecial  apertures,  of  the  younger  segments,  with  the  margin 
distinctly  elevated  so  as  to  leave  a  narrow  interstitial  sulcus  * 
between  them.  Their  arrangement  is  very  regular  in  trans- 
verse and  intersecting  diagonal  series;  transversely,  seven 
occur  in  0.05  inch;  diagonally,  five  occupy  the  same  space; 
width  of  interstitial  space  less  than  the  shortest  diameter  of 
the  apertures.  Xon- poriferous  margin  narrow  und  obliquely 
striated.  On  the  older  and  especially  the  first  segments,  the 
cell- apertures  are  smaller  and  circular,  and  the  width  of  the 
interstitial  spaces  from  one  to  three  times  their  diameter,  the 
non- poriferous  margin  wide,  and  the  whole  inter- apertural  space 
marked  with  fine,  flexuous,  and  faintly  granular  striae. 

In  tangential  sections  the  cells  are  oval,  thick-walled,  and 
each  surrounded  by  one  or  two  rows  of  very  minute  tubuli. 

Oq  account  of  the  condition  of  the  specimens,  both  the  ver- 
tical and  transverse  sections  are  unsatisfactory. 

This  species  clearly  belongs  to  the  genus  Artkropora,  and  in 
the  structure  and  appearance  of  its  cells,  differs  but  little  from 
A.  shafferi.  Meek.  The  unbranched  condition  of  the  segments, 
however,  will  distinguish  A.  strnplexSiom  that  species  as  well  as 
from  any  other  form  of  the  genus  known  to  me. 

Formation  and  locality:    The  detached  segments  of  this  spec- 
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ies  are  very  common  in  the  Trenton  shales,  at  Minneapolis  and 
other  localities  in  the  state  where  these  beds  are  exposed.     Seg- 
ments of  the  Trenton  variety  of  A.  ahafferi  are  also,  though 
rarely,  met  with. 
Register  No.  6933. 


STICTOPOBA  HVTABILIS,  n.  sp. 

Zourium  variable  in  size  and  superficial  aspect.  Typically, 
it  consists  of  branches  dividing  dichotomously  at  intervals  of 
0,3  to  0.4  of  an  inch;  width  of  branches  varying  from  0.10  to 
0.18  inch;  thickuesij  of  same,  from  0,03  to  0.06  of  an  inch; 
edges  somewhat  acute,  with  n  on -poriferous  margin  very  scant, 
or  wanting.  Cells  arranged  in  from  sixteen  to  twenty-five 
rows,  between  rounded  and  but  slightly  elevated  longitudinal 
lines;  walls  thick,  apertures  small,  narrow,  elliptical. 

In  old  examples  the  apertures  are  scarcely  recognizable,  the 
surface  appearing  as  simply  striated.  Measured  transversely, 
sixteen  rows  occupy  the  space  of  0.1  inch;  longitudinally, 
seven  and  a  half  or  eight  cells  suffice  to  fill  the  same  space. 

Sections  show  that  the  walls  are  extremely  thick,  that  they 
are  divided  into  longitudinal  series  by  straight  rows  of  very 
minute  but  distinct  tubnli,  and  that  a  variable  number  of  the 
latter  also  occur  between  the  ends  of  the  cells.  In  transverse 
sections  these  tubuli  are  quite  conspicuous  between  the  median 
laminee  of  the  zoarium.  In  vertical  sections,  the  spur  or 
diaphragm  occurring  at  the  base  of  the  thick  portion  of  the 
tube  walls,  gives  to  the  lower  region  of  the  zooecia  the  form  of 
a  semi-circle. 

The  above  sufficiently  describes  the  typical  form  of  this 
species.  The  two  extremes  of  variation  may  be  designated, 
provisionally,  as  varieties  major  and  minor. 


Var.  MAJOR,  n.  var. 

The  zoarium  of  this  variety  differs  from  the  typical  form  of 
the  species  in  having  a  more  robust  appearance.  The  branches 
attain  a  width  of  0.3  inch,  and  a  thickness  of  0.12  inch.  Along 
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the  center  of  the  branches,  at  rather  irregular  intervals,  occur 
finely  striated  non-celluliferous  spots,  which  tangential  sec> 
tions  show  to  be  occupied  by  an  aggregation  of  the  minute 
tubnli  The  rows  of  cells  in  the  neighborhood  of  the  edges 
of  a  branch  are  usually  directed  obliquely  outward. 

Var.  MIKOK,  r.  var. 

This  variety  is  distinguished  by  its  smaller  size,  thinner 
branches,  and  more  distinctly  developednon-poriferous  margin. 
Its  branches  vary  in  width  from  0.07  to  0,10  inch,  while  the 
thickness  rarely  exceeds  0.02  inch. 

This  species,  as  well  as  the  two  species  next  described,  are 
congeneric  with  Rkinidictya  nicholsoni,  Ulrich.  When  I  pro- 
posed the  genus  Rbinidictya,  it  was  under  the  impression  that 
Hall's  Stictopora  fenestrata,  the  type  of  the  genus,  was  closely 
stlliei  to  hia  SJ  acuta.  Although  I  have  failed  in  obtaining 
authentic  examples  of  S.  fenestrata  for  comparison,  I  am, 
nevertheless,  convinced  by  the  study  of  specimens  identified 
with  that  species  from  the  Chazy  limestones  of  Kentucky  and 
Tennessee,  that  I  was  in  error,  and  that  the  species  is  really 
more  nearly  related  to  my  R.  nicholsoni.  The  name  Rhinidictya 
may  therefore  be  erased  from  the  list  of  genera,  while  Stictopora 
must  be  re-defined  and  restricted  so  that  it  will  cover  about  the 
same  ground  lately  occupied  by  the>  abandoned  genus.  In  its 
restricted  sense,  Stictopora  is  typified  by  S.  fenestrata,  Hall, 
S.  mulabiUs,  Ulrich,  and  8.  nicholsoni,  Ulrich,  The  cells  of 
5..'  acuta,  Hall,  and  its  near  ally  Ptiiodictya  fenestelliformia, 
Nicholson,  have  the  structure  of  Packydictya,  Ulrich,  to  which 
genus  I  now  refer  them. 

In  the  upper  shaly  layers  of  the  Kentucky  exposures  of  the 
Trenton  group,  S.  tnutabilis  is  a  common  fossil,  but  the  two 
varieties,  major  and  minor,  seem  to  be  peculiar  to  the  Minne- 
sota beds.  Young  specimens  are  not  readily  distinguished 
from  S.  nicholsoni,  bnt  there  is  no  difficulty  in  separating  the 
fully  matured  examples,  the  cell  walls  being  thicker  and  the 
branches  larger  and  much  heavier  than  in  that  species. 

Formation  and  locality:  Extremely  abundant  in  the  Trenton 
shales  about  Minneapolis,  and  St.  Paul,  Minn. 

Register  Nos.  5938,  5939,  5956. 


.vGoogIc 


*•*>  FOUBTBKHTH  ABNUAL  EBPOET. 

STICTOPOBA  FIDELIS,  n   ap. 

Zoarium  brancliiDg  (licbotomouBly  at  intervals  of  absnt  0.5 
inch.  Branches  from  0.06  to  0.11  of  an  inch  in  width ;  thick- 
ness of  same  varying  from  0.03  to  0.06  of  an  inch;  edges  less 
acute  than  nsual;  Qon>poriferons  margin  narrow.  Zooecia 
with  comparatively  thin  walls  and  slightly  oblique,  sub-ovate 
or  quadrangular  apertures,  arranged  in  from  nine  to  twelve 
longitudinal  series,  between  sharp  though  but  slightly  elevated 
lines.  Measured  longitudinally,  eight  or  nine  cells  occur  in 
the  length  of  0.1  inch;  transversely,  six  or  seven  rows  occupy 
0.05  inch. 

In  tangential  sections  dividing  the  cells  just  below  their 
apertures,  the  cell  walls  are  rather  thick,  and  the  tube  cavities 
elliptical,  while  the  longitudinal  elevated  lines  of  the  surface 
are  represented  by  a  straight  dark  line.  A  good  section  will 
show  this  line  to  contain  a  series  of  very  minute  tubuli,  the 
same  as  occur  between  the  divisional  lamine  of  "the  two  sides 
of  the  zoarium.  At  a  lower  level  in  the  zoarium  the  cells  are 
subquadrate  near  the  center,  and  rbomboidal  toward  the 
edges  of  the  branch;  the  walls  are  thin,  the  anterior  one 
convex. 

Longitudinal  sections  show  that  the  tubes  arise  abruptly 
from  the  divisional  lamins  on  each  side,  and  that  their  course 
to  the  surface  forms  an  angle  with  the  median  line  of  about 
55deg. ;  the  anterior  side  of  the  walls  is  concave  in  the  lower 
portion,  while  the  posterior  side  is  nearly  straight  throughout. 
A  complete  or  only  partial  diaphragm  is  occasionally  developed 
at  the  termination  of  the  concave  portion  of  the  cell  wall. 

This  species  is  distinguished  from  S.  mutabilis  by  its  slightly 
wider  cells  and  comparatively  thin  walls.  The  ceil  apertures 
are  consequently  much  larger  than  they  are  in  that  species, 
being  besides  nearly  quadrangular  instead  of  narrow -elliptical, 
Sections  show  S.  fidelis  to  be  clearly  distinct  from,  though 
allied  to  S.  nichalsoni,  Ulrich. 

FormatUm  and  locality:  N^ot  uncommon  in  the  Trenton  shales 
at  Minneapolis,  Lanesboro,  and  other  localities  in  Minnesota. 

BegUter  No.  59S6. 
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8TICTOPOBA  PAUPEBA,  a.  sp. 

ZoBrium  small,  fragile,  very  slender  below,  where  it  ia  at- 
tached to  foreign  bodies  by  a  rather  dimunitive  basal  expao- 
sion;  above  this  it  gradually  expands  until  at  a  distance  of 
about  0.3  of  an  inch  above  the  base,  it  has  attained  its  mature 
width,  varying  in  different  examples  from  0,06  to  0.09  of  au 
inch;  here  also  occurs  the  first  bifurcation,  the  second  occur- 
ring about  0.26  inch  above  the  first,  while  a  third  division,  at 
nearly  the  same  distance  from  the  second,  is  occasionally  met 
with.  The  entire  bight  of  the  zoarium  is,  therefore,  rarely 
more  than  one  inch.  The  greatest  thickness  does  not  exceed 
0.02  of  au  inch.  The  angle  of  bifurcation  is  about  70  degrees, 
and  quite  the  same  in  all  the  specimens.  Cells  with  small, 
narrow,  elliptical  apertures,  arranged  in  from  ten  to  twelve 
longitudinal  series,  between  slightly  elevated  lines;  the  cells 
in  one  or  two  of  the  outermost  rows  are  directed  obliquely 
outward.  Measuring  longitudinally,  nine  cells  occupy  the 
space  of  0.1  inch;  transversely,  eight  rows  occur  io  0.05  inch. 
Non -poriferous  margin  very  narrow,  only  recognizable  in  good 
specimens. 

This  species  is  also  a  common  fossil  in  the  shaly  layers  of 
the  Trenton  group  in  Eentucky,  where  it  is  associated  with 
S.  mutabilis  and  other  bryozoa  marking  this  horizon.  It  also 
occurs  in  the  Trenton  rocks  of  Canada.  The  small  size  of  its 
zoarium  will  distinguish  it  from  other  species  of  the  genus. 

Formation  and  locality:  Trenton  shales,  at  Minneapolis  and 
other  localities  in  Minnesota. 

Register  No.  6935. 

STICTOPOBELLA?    CBIBROSA.  i>  sp. 

Zoarium  forming  thin  flattened  expansions,  composed  •{ 
branches  which  inosculate  at  short  intervals  till  there  is  pro- 
duced a  broad  frond  perforated  at  rythmical  intervals  by  circular 
or  elliptical  fenestrules.  Both  sides  of  frond  celluliferous  and 
consisting  of  two  equal  layers  of  cells  that  have  grown 
together  back  to  back,  each  layer,  however,  preserving  its 
own  concentrically  striated  epithecal  membrane.  Fenestrules 
usually  inclined  to  be  elliptical,  their  longest  diameter  varying 
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from  0.03  to  0.10  of  an  inch,  but  the  prevailing  size  lias  a 
diameter  of  about  0.06  inch.  Width  of  branches  about  0.09 
inch;  thickneaB  of  same,  varying  from  0.02  to  006  inch. 
Zooecia  with  subcircular  or  broadly  ovate  apertures,  arranged 
in  quite  regular  diagonal  series,  nine  or  ten  in  the  space  of  0.1 
inch.  Interstitial  spaces  becoming  thicker  with  age,  till  the 
zooecial  apertures  are  separated  by  a  distance  a  little  greater 
than  their  diameter.  Interstitial  pits  numerously  interpolated 
between  all  the  cells.  Around  the  fenestrales  there  is  a  band 
0.02  of  an  inch,  more  or  less,  in  width,  solely  occupied  by 
them. 

Tangential  sections  show  that  the  polygonal  boundary  of 
the  zooecia  is  marked  by  a  dark  line,  which,  the  evidence  at 
hand,  is  not  clear  enough  to  prove  to  have  contained  a  series 
of  extremely  minute  tubuli.  The  visceral  cavity  is  small, 
ovate,  or  subcircular.  The  interstitial  pita  are  numerous,  of 
irregular  shape  and  unequal  dimensions,  often  completely 
filled,  or  only  preserving  a  very  small  central  cavity. 

Vertical  sections  show  that  the  divisional  laminae  are  flex- 
uouB,  that  the  tubes  are  at  first  thin-walled  and  prostrate,  that 
they  subsequently  bend  abruptly  outward,  and  that  their  walla 
at  the  same  time  are  much  thickened  and  marked  with  oblique 
lines  parallel  with  the  form  of  the  apertures.  The  interstitial 
pits,  wherever  observed,  were  entirely  filled  by  a  concentric 
deposit  of  sclereuchyma.  No  diaphragms  appear  to  have  been 
developed. 

The  cells  of  this,  and  the  two  species  next  described,  in  all 
the  essential  points  of  structure,  are  precisely  like  those  of 
Stictojiorella  interstincta,  Ulrich.  The  characters  of  the  genus 
as  typified  by  that  species,  are  entirely  peculiar,  and  bear  but 
^ttle  resemblance  to  those  of  Stictopora.  In  fact,  so  far  as  the 
microscopic  structure  is  concerned,  Sticlqporella  is  more  nearly 
allied  to  Ptilodictya  than  to  Stictopora,  but  whether  the  peculi- 
arities of  the  genus  will  necessitate  a  removal  from  the  family 
Stkioporidae,  I  am  not  yet  prepared  to  assert.  At  any  rate, 
the  structural  distinctness  of  the  genus  is  firmly  established 
by  the  addition  of  the  three  species  in  question.  A  most 
striking  peculiarity  is  presented  by  these  species.  I  refer  to 
the  great  difference  in  the  form  of  the  zoaria,  when  compared 
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with  the  remarkable  similitude  of  the  internal  structure. 
Indeed  it  is  highly  improbable  that  any  one,  giving  them  only 
a  superficial  examination,  would  have  classified  them  as  nearly 
related  species.  Sections,  however,  prove  beyond  any  reason- 
able doubt  that  their  relation  to  each  other  is  really  very  inti- 
mate, although  distinguished  from  each  other  by  very  obvious 
differences  in  their  respective  methods  of  growth. 

An  inosculating  bryozoan  has  been  described  by  Hall  from 
the  Trenton  rocks  of  Wisconsin,  under  the  name  of  Clathro- 
pora  Jlabellata.  The  description  and  figures  are  both  entirely 
inadequate  for  anything  even  approaching  a  positive  identifi- 
cation. This  style  of  zoarium  pertains  to  at  least  three  Pal- 
aeozoic genera,  and  the  species  might  belong  to  any  one  of 
these.  That  the  species  which  I  have  above  described  is  dis- 
tinct from  Hall's  species  is  evident.  His  figure  represents  a 
more  robost  zoarium,  the  branches  and  fenestrules  being  over 
twice  as  wide  as  those  of  S.  cribroaa. 

Formation  and  locality :  Abundant  in  the  Trenton  shales  at 
Minneapolis,  Minnesota. 

Register  No.  5944. 

8TICTOPOBELLA  ANOVLABI8,  n.  sp. 

Zoarium  dividing  dichotomously  at  intervals  varying  from 
0.15  to  0.30  of  an  inch.  Branches  usually  about  0.06  of  an 
inch  in  width;  frequently  they  are  narrower,  while  on  the 
other  hand,  a  single  fragment  apparently  referable  to  this 
species  is  twice  as  wide.  The  thickness  is  generally  abont  0.03 
inch,  and  never,  so  far  as  observed,  exceeds  0.05  of  an  inch. 
Transverse  section  of  branch  elliptical,  the  margins  being 
rarely  acute,  and  usually  rounded.  Cells  polygonal  or  sub- 
rhomboidal,  with  sub-circular  apertures  placed  at  the  bottom 
of  a  sloping  "vestibule,"  arranged  in  somewhat  irregular  in- 
tersecting diagonal  series,  nine  in  the  space  of  0.1  inch ;  meas- 
ured longitudinally,  seven  and  one-half  cells  occupy  the  same 
space.  Here  and  there  over  the  central  portions  of  the  branch, 
though  never  in  sufficient  number  to  constitute  a  conspicuous 
feature,  may  be  detected  an  interstitial  pit.  On  the  rounded 
margins  of  the  zoarium,  however,  they  are  always  present. 


.vGoogIc 


72  FOCBTCKMTH   AHNDAL  BKFOKT. 

Here  they  form  a  series  on  each  side  of  the  median  laminae. 
Sometimes  they  are  very  shallow  and  obscured  by  a  secondary 
deposit  of  sclerenchyma. 

In  tangential  sections,  the  visceral  chambers  of  the  zooeeia 
are  oval,  the  interspaces  thick  and  divided  in  the  middle  by  a 
thin,  sharply  defined,  dark  line,  marking  the  boundary  line 
between  adjoining  cells.  Each  cell  somewhat  irregularly  hex- 
agonal. A  few  interstitial  pita,  here  entirely  filled  by  scleren- 
chyma, inay  be  detected. 

Vertical  sections  demonstrate  that  the  tubes  are  at  first 
prostrate  and  with  thin  walls.  At  the  point  of  bending  out- 
ward in  their  course  to  the  surface,  the  walls  suddenly  become 
very  thick  and  marked  with  oblique  lines,  representing  the 
form  of  the  campanulate  aperture  at  previous  stages  of  growth. 
Diaphragms  have  not  been  observed. 

The  angularity  of  the  cell  apertures  sufficiently  separates  this 
species  from  S.  interstirtcta  from  the  Cincinnati  group,  while 
the  same  character,  and  the  diagonal  arrangement  of  the  cells, 
will  serve  to  distinguish  it  from  all  the  species  of  Sticlopora 
occurring  in  the  same  beds.  It  cannot  be  confounded  with  its 
much  larger  and  nearest  ally  S.  frondifera. 

Formation  and  locality:  Not  uncommon  in  the  Trenton 
shales  at  Minneapolis,  Minn.,  but  apparently  restricted  to  the 
lower  portion. 

Segisler  No.  5943. 

STICTOPOBELLA  FRONDIFERA,  n.  -r'- 

Zoarium,  consisting  of  large,  thin,  irregularly  branching, 
flabellate  or  undulate  expansions,  which  are  celluliferous  on 
both  faces,  and  have  rounded  and  minutely  pitted  margins. 
Cells  arranged  more  or  leas  regularly  in  diagonally  inter- 
secting series  nine  or  ten  in  the  space  of  0.1  inch.  The  cell 
apertures  vary  from  sub-circular  to  sub-rhomboidal.  Inter- 
stitial spaces  rather  thick.  Interstitial  pits,  variously  dis- 
tributed among  the  zooecial  &i>erturea,  or  aggregated  so  as  to 
form  clusters  or  "maculte."  These  clusters  are  always  quite 
irregular  in  both  size  and  distribution.  Thickness  of  frond 
apparently  never  exceeding  0.10  inch;  usually  it  is  not  more 
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than  half  that  thickaesa.  £ntire  hight  of  zoarium  three  or 
four  inches. 

The  sections  of  this  species  are  almost  exactly  like  those  of 
S.  angularis,  and  do  not  require  a  detailed  description.  One  of 
the  tangential  sections,  however,  shows  clearly  that  the 
boundary  line  between  adjoining  cells  is  occupied  by  a  closely 
arranged  aeries  of  very  minnte  tubuli.  The  evidence  afforded 
by  the  sections  of  S.  angularis  and  S.  cribrosa  is  not  sufBciently 
clear  to  allow  me  to  assert  positively  that  these  tubuli  are  also 
present  in  those  species,  but  that  they  are  is  highly  probable. 

Formation  and  locality:  Bather  abundant  in  the  lower  part 
of  the  Trenton  shales  at  Minneapolis,  Minn.  It  also  occurs  at 
Lanesboro  and  Fountain  in  Fillmore  county. 

Register  Nos.  5W5-*M7. 


PACHVDICTYA  FOLIATA,  n.  sp. 

Zoarium  growing  from  an  attached  basal  expansion  into 
erect,  thin,  undulating  and  often  palmate  fronds,  both  sides  of 
which  are  celluliferous ;  the  bight  and  width  may  be  two 
inches  or  more,  though  it  is  rare  to  find  specimens  more  than 
one  inch  square;  their  thickness  is  usually  about  0.05  of  an 
inch;  very  old  examples  may  attain  a  much  greater  thickness, 
it  being  in  some  not  less  than  0.13  inch.  Margin  of  fronds 
acute,  and  always  more  or  less  distinctly  non- poriferous.  Cell 
apertures  large,  oval,  and  arranged  in  regular  intersecting 
series,  in  which  six  or  seven  occur  in  the  length  of  0.1  inch. 
Measuring  longitudinally  (t.  e.  across  their  larger  diameter) 
four  or  five  occupy  the  same  space.  On  a  few  specimens  the 
zooecial  apertures  are  surrounded  by  a  thin  rim  or  peristome. 
This  feature  may  indicate  a  particular  stage  of  development, 
or  only  an  exceptional  state  of  preservation.  Inter-apertural 
space  only  moderately  thick,  generally  smooth,  it  being  only 
in  rare  instances  that  the  really  numerous  interstitial  cells  can 
be  detected  at  the  surface.  At  intervals  of  about  0.15  of  an 
inch  the  surface  presents  smooth  spots  or  macule.  Usually^ 
these  are  not  elevated  above  the  general  plane  of  the  surface, 
but  in  a  few  cases  they  are  rather  prominent. 


.vGoogIc 


74  FOUSTBENTH   AHKUAL  &BPOET. 

Ill  vertical  sections  the  tubeti  arise  somewhat  abruptly  from 
the  ii.edian  laminee,  near  which  their  walls  are  thin.  The 
interstitial  tubes  are  developed  almost  immediately,  and  in 
their  lower  portion  nre  crossed  by  numerous  very  distinct 
diaphragms,  that,  as  the  surface  is  approached  become  entirely 
obsolete,  or  at  least  much  obscured  by  a  deposit  of  sclerenchyma. 
In  the  "maculae"  which  contain  only  interstitial  tubes,  the 
diaphragms  are  decidedly  vesicular.  The  true  zooecia  are 
crossed  at  intervals  about  equalling  their  diameter,  by  from 
two  to  four  complete  diaphragms.  These  recur  at  about  the 
same  level  in  nil  the  tubes. 

In  tflBgential  sections  near  the  central  axis,  the  zooecia  have 
thill  walls,  are  broadly  ovate,  and  more  or  less  completely 
sepiinited  from  each  other  by  a  series  of  angular  interstitial 
cells.  Nearer  the  surface  the  walls  of  the  tubes  become  thick- 
ened and  ring-like,  but  the  original  boundary  remains  distinct 
as  a  sharply  defined  dark  line.  Within  this  line  there  is  a 
series  of  extremely  minute  tubuli.  Just  below  the  surface  of 
fully  matured  examples  the  "maculae"  are  marked  with  a  num- 
ber of  series  of  the  same  kind  of  tubuli,  while  in  the  ordinary 
interspaces  between  the  zooecia  they  arrange  themselves  into 
two  flexiious  and  often  interrupted  lines.  It  is,  however,  only 
in  exceptionally  preserved  spots  that  these  tubuli  are  recogniz- 
able, they  being  generally  represented  by  apparently  structure- 
less dark  lines. 

In  good  transverse  sections  dividing  the  zoarium  vertically 
but  at  right  angles  to  the  direction  of  growth,  these  tubuli  are 
very  plain  between  the  divisional  laminae. 

This  fine  s]>ecies  is  clearly  distinct  from  any  other  species  of 
the  genus  known  to  me,  while  in  its  generic  characters  itis  as 
typical  of  Packi/tlictija  as]  is  P.  robusta,  the  type  of  the  genus. 
Its  foliaceous  zoarium  will  distinguish  it  from  all  the  associated 
species,  with  the  exception  of  Stict<^orella  frondifera.  That 
species  occurs  on  the  same  slabs,  and  a  careless  collector  might 
confound  them.  Still,  after  a  little  study,  the  differences  in 
the  size  and  shape  of  their  cells  will  become  so  evident  that 
they  may  be  distinguished  at  a  glance. 

Formation  and  locaUly.     Apparently  restricted  to  the  lower 
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layers  of  the  TrentoD  shale,  in  which  it  is  abundant,  at  Min- 
neapolis, Minn. 
Register  No.  5948. 

PACHYDICTYA  OCCIDENTALIS,  n    ap 

Zoarium  ramose,  or  subpalmate  towards  the  base,  dividing 
above  into  small  branches;  width  of  branches  varying  from 
0,13  to  0.40  of  an  inch.  Cross  section  of  branches  acutely 
elliptical,  about  0.05  inch  in  thickness  centrally.  Margins 
sharp  with  a  narrow,  smooth  or  finely  striated,  n  on -poriferous 
border.  Cells  arranged  in  longitudinal,  and  more  or  less  regu- 
lar intersecting  diagonal  series;  apertures  ovate,  slightly  longer 
than  broad.  About  six  cells  in  0.1  inch,  measured  longitudin- 
ally, and  eight  in  the  same  space  mi^asured  diagonally.  The 
wider  specimens  exhibit  along  the  center  of  the  branch  a  series 
of  smooth  and  apparently  solid  spots,  which  vary  considerably 
in  size.  All  the  examples  noticed  present  at  least  one  of  these 
spots,  situated  just  below  the  bifurcation  of  the  branches. 

Internal  structure  as  in  other  species  of  the  genus. 

This  species  is  closely  allied  to  both  P.  acuta;  Hal!,  sp  ,  and 
P.  ffoestelliformis,  Nicholson,  sp.,  and  is  of  interest,  princi- 
pally, because  it  represents  an  unequivocal  connecting  link 
between  those  species. 

Formation  and  locality.  Not  uncommon  in  the  upper  layers 
of  the  Trenton  shales,  at  St.  Paul,  Minn. 

Regiifter  No.  5949. 

PACHYDICTYA  FIMBRIATA,  n,  sp. 

Zoarium  small,  ramose,  dividing  dicbotomously  at  variable 
intervals.  Branches  thin,  rarely  more  than  0.02  of  an  inch  in 
thickness,  and  from  0.09  to  0.18  of  an  inch  in  width.  Non- 
poriferous  margin,  obliquely  striated,  very  wide,  extremely  thin 
and  sharp,  and- wavy  or  ruffled.  Over  about  one-half  the  sur- 
face along  the  middle  of  the  branches  the  cells  are  arranged  in 
regular  alternating  or  sub-alternating  longitudinal  series,  in 
which  six  to  seven  occupy  the  space  of  O.IO  inch;  measuring 
transversely  five  rows  occur  in  0.05  inch.     The  two  or  three 
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rows  between  these  and  the  non-poriferous  margin  are  not  ao 
regular  in  their  arrangement,  their  apertures  being,  besides, 
separated  by  somewhat  wider  interspaces,  and,  usnally  at  least, 
directed  obliquely  outward.  Cell  apertures  broadly  elliptical, 
longer  than  wide,  and,  in  perfectly  preserved  examples,  sur- 
rounded by  a  faintly  elevated,  thin  border.  Inter- apertural 
spaces  about  half  as  wide  as  the  longer  diameter  of  the  cell- 
mouths,  smooth  or  faintly  striated  longitudinally. 

Internal  structure  as  in  P.  acuta,  and  other  species  of  the 
genus. 

Good  examples  of  this  species  cannot  be  confounded  with 
any  other  species  known  to  me,  as  the  wavy  or  raffled  appear- 
ance of  the  wide  non-poriferous  margin  gives  them  a  very 
peculiar  and  characteristic  aspect.  In  other  respects  the  spe- 
cies is  very  closely  related  to  P.  acuta,  Hall,  and  less  closely  to 
'  P.  occidentalis,  Ulrich. 

In  the  higher  layers  of  the  Trenton  shales  at  St.  Paul,  I  have 
noticed  a  number  of  specimens,  which,  while  it  does  not  seem 
probable,  may  still  prove  to  belong  to  a  robust  variety  of  this 
species.  In  these  the  non -poriferous  margin  is  wide,  but  not 
wavy,  and  the  cell-apertures  smaller  and  narrow,  while  the 
walls  or  interspaces  are  thick  and  usually  wider  than  the  aper- 
tures, and  more  distinctly  striated.  The  branches  have  an 
average  width  of  0.18  inch,  and  a  thickness  of  0.06  inch  or  more. 
Should  these  differences  prove  constant  then  they  ought  to  be 
considered  as  of  specific  importance. 

Formation  and  locality:  Rather  common  in  the  lower  part  of 
the  Trenton  shales,  at  Minneapolis,  Minn. 

Register  No.  5950. 

PACHYDICTVA  CONCILIATBIX,  n.  sp. 

Zoarium  consisting  of  triangular  stems,  celluliferous  on  the 
three  concave  sides,  and  constructed  on  the  same  general  plan 
as  Prismopora,  Hall.  Margins  sharp,  non -poriferous,  and 
faintly  striated.  Branching  takes  place  by  the  development  of 
a  non-celluliferouB  ridge  in  the  centre  of  one  of  the  sides, 
.  which,  rising  gradually,  eventually  forms  one  of  the  non-porif- 
erous margin^  of  the  new  branch  or  stem.     Cell  apertures  sub- 
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circular  to  oval,  arranged  in  longitudinal  series  in  the  ceDtral 
third  of  the  sides,  while  those  nearer  the  margins  are  larger 
and  directed  obliquely  outward  and  upward.  Interstitial  spaces 
of  somewhat  variable  thickness,  usually  equaling  about  one- 
half  the  diameter  of  the  apertures;  surface  minutely  granular, 
and  where  the  cells  have  a  regular  arrangement,  the  granules 
form  rows.  Measured  longitudinally,  six  or  scTen  cells  occupy 
O.I  inch.  Width  of  branches  varying  from  0.13  to  0.18  of  an 
inch. 

This  very  interesting  and  I  might  say  prophetic  species, 
demonstrates  what  I  have  only  suspected  heretofore.  That  is, 
the  relationship  of  Pachydietya  with  the  Cystodictyonidae.  In 
fact,  the  genus  lacks  only  the  small  "lip"  to  be  a  typical  mem- 
ber of  the  family,anditisquestionable  whether  this  deficiency 
is  of  sufficient  importance  to  exclude  the  genus. 

Formation  and  locality^  Trenton  group  at  Cannon  Falls, 
Goodhue  county,  Minnesota,  where  it  is  associated  with  Phyl- 
It^ra?  corticosa,  Ulrich,  anA  Streptela-ima  comiculum,  Hall, 

Segiater  No.  5952. 

CBEPIPOBA  IHPOLITA,  n,  sp. 

Zoarium  large,  solid,  irregularly  ramose,  or  simply  nodulated. 
Branches  from  0.2  to  0.8  of  an  inch  in  diameter.  Hight  from 
two  to  four  inches.  Cells  large,  and  rather  regularly  arranged, 
eleven  in  the  space  of  0,2  inch.  Walls  thin.  Apertures  direct, 
polygonal  to  sub-rhomboidal,  with  the  lower  margin  very 
slightly  elevated,  and  showing,  in  good  specimens,  the  ends  of 
the  two  vertical  lamellae  or  teeth  on  the  inside  of  the  aper- 
ture. Interstitial  cells,  always  few,  usually  absent.  When 
ptesent  they  are  gathered  together  so  as  to  form  small 
"maculae." 

In  tangential  sections  the  walls  are  seen  to  be  thoroughly 
amalgamated,  and  the  vertical  lamellae  or  "teeth"  usually 
represented  by  two  spots  on  one  side  of  the  tube,  that  are  of  a 
conspicuously  lighter  color  than  other  portions  of  the  wall. 
In  better  sections  their  normal  appearance  may  be  observed. 
This  is  crescentic  or  horse-shoe- shaped,  with  the  ends  project- 
ing into  the  eell-cavity. 
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In  loDgitudinal  Bectione,  the  tubes  are  gently  curred,  uppar- 
ently  throughout  their  length,  and  crossed  at  remote  iuteryals, 
by  exceedingly  thin,  straight  diaphragms.  The  walls  seem  to 
have  been  perforated  by  numerous  connecting  "foraroinae" 
and  are  composed  of  rapidly  alternating  dark  and  lighter 
shades  of  sclerenchyma. 

The  transverse  section  is  very  nearly  like  the  tangential: 
proving  that  the  branches  are  not  divided  into  differentiated 
"mature"  and  "immature"  regions,  but  that  the  zoarium  is 
really  of  the  nature  of  massive  or  parasitic  species. 

This  very  abundant  species  is  readily  distinguished  from  all 
the  associated  forms,  by  its  irregular  growth  and  large  cello. 

Formation  and  locality:  Trenton  shales  at  Minneapolis, 
Lanesboro,  and  other  localities  in  the  state. 

Register  Nos.  5958  to  5962. 

MONTICULIPORA  GKANDIS,  »    «p. 

Zoarium  irregularly  massive  and  often  tending  to  become 
sub-ramose.  Cells  polygonal,  thin  walled.  Surface  without 
monticules  but  exhibiting  at  intervals  of  0.2  of  an  inch  con- 
spicuous groups  of  large  cells,  that  are  often  nearly  twice  the 
size  of  those  of  the  ordinary  dimensions.  Eight  or  nine  of  the 
smaller  occupy  0.1  inch;  the  average  diameter  of  those  in  the 
groups  is  about  l-55th  of  an  inch. 

In  vertical  sections  the  tubes  proceed  to  the  surface  in 
straight  or  curved  lines  according  to  the  form  of  the  zoarium. 
They  are  provided  with  thin  walls,  and  usually  two,  more  or 
less  closely  arranged  series  of  cystoid  diaphragms,  one  on  each 
side  of  the  tube,  the  intervening  space  being  crossed  by  an 
equal  number  of  straight  diaphragms.  • 

Tangential  sections  show  that  the  cells  are  polygonal  and 
thin-walled;  the  opening  left  by  the  cystoid  diaphragms  is 
large,  ovate,  or  sub-circular,  and  while  it  is  usually  lateral  in 
position,  it  is  not  infrequently  central.  The  angles  of  junction 
of  the  cells  are  a  little  thickened,  and  there  is  some  evidence  to 
.  show  that  they  contained  very  small  spiniform  tubuli. 

This  fine  species  resembles  in  its  growth  the  more  irregular 
examples  of  M.  laevis,  Ulrich,  from  the  Cincinnati  group.    The 
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cells  of  M.  grandis,  ore  however  larger  and  the  internal  struct- 
ure quite  different. 

Formation  and  locality .-  Fragmeota  of  this  species  are  rather 
rare  in  the  lower  portion  of  the  Trenton  shales,  at  Minneapolis, 
Minn.  The  Tertical  range  of  the  species  is  apparently  not 
more  than  six  or  eight  feet. 

Register  No.  596&. 

HOMOTRYFA  MINNE80TENSIM,  n.  sp. 

Zoariuni  ramose,  branches  cylindrical  or  sub -cylindrical, 
from  two  to  four  tenths  of  an  inch  in  diameter,  and  branching 
at  rather  long  intervals,  that  are  rarely  less  than  one  and  a 
half  inches  and  often  more  than  two  inches.  Surface  smooth, 
no  monticules  having  been  observed  in  any  of  the  numerous 
examples  studied.  Cells  of  conspicuously  larger  size  than  the 
average  are  collected  into  groups,  of  which  the  centers  are 
about  0.13  of  an  inch  apart.  The  cells  composing  the  groups 
enlarge  gradually,  those  near  the  middle  being  about  twice  as 
large  as  the  ordinary  cells  occupying  the  intervening  spaces, 
Cent-er  of  groups  often  marked  by  a  small  sub-solid  or  |)itted 
space.  Ordinary  cells  polygonal,  with  thin  walls,  and,  some- 
times, very  oblique  apertures;  more  commonly  they  are  nearly 
direct,  while  in  a  few  of  the  large  specimens  they  are  really  so. 
Aboat  eleven  of  the  smaller  or  ordinary  cells  occur  in  the  space 
of  0.1  inch. 

Vertical  sections  show  that  the  peripheral  or  "mature" 
region  is  very  narrow,  that  the  tubes  are  long  and  vertical  in 
the  axial  region,  and  that  their  course  to  the  aperture  forms 
a  very  gentle  curve.  The  walls  in  the  axial  region  are  ex- 
tremely thin  and  wavy.  Near  the  surface  they  are  appreciably 
thickened.  Diaphragms  wanting  in  the  axial  region,  but 
present  in  the  peripheral  portion  of  the  tubes,  where  they 
recur  at  intervals  of  from  one-fonrth  to  one  tube  diameter. 
Along  the  upper  wall  is  the  characteristic  series  of  cyatoid 
diaphragms.  The  obliquity  of  the  cell-apertures  and  the  ex- 
treme brevity  of  the  matured  portion  of  the  tubes,  render  the 
preparation  of  satisfactory  tangential  sections  very  difiBcult. 
The  more  successful  ones  show  that  the  cell  walls  are  compar* 
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atively  thin,  that  a  variable  number  of  interstitial  cells  is  in- 
terpolated among  the  ordinary  zooecia,  while  here  and  there, 
somewhat  obscure  traces  of  the  connecting  foraminae  may  be 
detected. 

Transverse  sections  show  the  greatly  disproportionate  devel- 
opment of  the  axial  region  as  compared  with  the  peripheral. 
They  also  show  that  in  the  axial  region  the  tabes  are  provided 
with  extremely  thin  walls,  and  that  near  the  surface  they  are 
flattened  and  their  size  considerably  reduced. 

This  is  a  true  species  of  Homotrypa,  and  is  nearly  related  to 
H.  obliqua,  Ulrich,  from  the  Cincinnati  group  of  Ohio,  but 
still  closer  in  its  affinity  with  an  undescribed  species  occur- 
ring in  the  upper  half  of  that  formation.  From  the  Erst,  H. 
minnesotensis  is  distinguished  by  its  smooth  and  sub-cylindrical 
branches,  and  other  less  obvious,  differences. 

Formation  and  locality;  Common  in  the  Trenton  shales  at 
Minneapolis,  St.  Paul,  Lanesboro,  and  other  localities  in  the 
state. 

Register  Nos.  5970  to  5975. 

HOMOTBYPA  EXILIS,  n.  sp. 

Zoariuiu  ramose,  branches  slender,  cylindrical,  about  0.15  of  an 
inch  in  diameter,  and  dividing  at  intervals  of  one  inch  or  more. 
Entire  higbt  of  zoarium  from  one  to  three  inches.  Surface 
smooth.  Cells  with  rounded,  direct  apertures,  and  moderately 
thick  walls.  Ten  or  eleven  of  the  ordinary  size  occur  in  the 
length  of  0.1  inch.  Groups  of  cells,  slightly  larger  than  the 
average,  are  present,  but  do  not  constitute  a  conspicuous  feature. 
Interstitial  cells  rather  numerous,  especially  between  the  cells  of 
the  groups  just  mentioned.  Diaphragms,  wanting  in  the  axial 
region,  but  present  in  the  short,  abruptly  bent  peripheral  region, 
where  (he  walls  are  also  thickened,  and  a  short  Series  of  cyatoid 
diaphragms  is  developed. 

At  first  I  was  inclined  to  regard  this  species  as  the  young  of 
H.  minnesotensis.  But  this  is  evidently  not  the  case,  as  the 
specimens  have  a  more  matured  look  than  many  much  larger 
specimens  of  that  species.  The  walls  get  thicker  and  the  aper- 
tures more  rounded  than  is  the  case  in  even  the  most  matured 
examples  of  H.  minnesotensis. 
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Formation  and  locality.    Not  uncommoa  in  the  lower  portion 
of  th«  Trenton  shales  at  Minneapolis,  Minn. 
Begister  No.  5976. 

HOMOTBYPA  SUBRAMOSA,  n.  sp. 

Zoarium  sub-ramose,  branches  Bub-cylindrival  or  sHghtl;  flat- 
tene.l,  with  the  upper  extremities  rounded  and  expanded.— 
Branches  varying  in  diameter  from  0.2  to  0.4  of  an  inch;  appar- 
ently dividing  but  once  or  twice,  the  entire  zoariam  being  rarely 
more  than  one  inch  and  a  half  in  hight.  Surface  without  mon- 
ticules. Cells  with  moderately  tbin  walls,  and  polygonal  and 
direct  apertures;  nine  or  ten  occupy  the  space  of  0.1  inch.  At 
irregular  intervals  the  surface  presents  inconspicuous  clusters  of 
cells  that  are  slightly  larger  than  the  average.  Well  developed 
spiniform  tubuli  occur  at  most  of  the  angles  of  junction  between 
the  cells.    They  constitute  a  marked  feature  on  ail  good  specimens. 

Longitudinal  sections  show  that  the  tubes  proceed  from  the 
axial  region  to  the  outer  surface  in  a  gentle  but  gradually  increas- 
ing curve;  that  at  unequal  intervals  several  parallel  convex  lines 
of  diaphragms  cross  the  branch;  that  between  these  the  dia- 
phragms may  be  absent  or  scattered  and  infrequent;  that  the 
walls  throughout  the  axial  region  are  thin  and  decidedly  wavy; 
that  they  are  moderately  thickened  in  the  peripheral  or  "ma- 
inro  "  region,  and  are  there  provided  with  a  more  or  less  closely 
arranged  series  of  cystoid.  diaphragms,  the  extent  of  which,  of 
course,  depends  entirely  upon  the  age  of  the  specimen. 

tn  tangential  sections  the  walls  are  moderately  tbin,  the  cell- 
cavity  is  sub-angular,  and  exhibits  usually  at  one  side  the  cres- 
ccntic  opening  left  by  the  cystoid  diaphragms.  The  spiniform 
tubuli  are  large,  and  as  the  walls  are  comparatively  tbin,  they 
are  more  striking  than  usual  with  species  of  the  genus. 

This  is  not  closely  related  to  either  of  the  preceding  species, 
but  finds  its  nearest  allies  in  several  undescribed  species  of  Ohio 
and  Kentucky. 

Formation  and  locality:  Not  common  in  the  Trenton  group  at 
Minneola,  Goodbue  Co.,  Minn. 

Begister  No.  5980. 
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HOMOTRTPA  INSIONI8,  n.  sp. 

Zoarium  sub-ramose,  from  one  to  two  inches  in  bight;  branches 
sob-cylindrical  or  flattened,  often  lobate,  or  throwing  off  abort 
brancheB,  the  distal  estremitiea  of  which  are  concave.  Diameter 
of  branches  varying  from  0.15  to  0.30  of  an  inch.  Sarfac6 
smooth,  without  monticules.  Cells  with  very  thin  walls,  and 
shallow  apertures.  These  two  conditions  conduce  to  give  the 
cell -apertures,  especially  those  of  the  younger  specimens,  the 
appearance  of  being  extremely  oblique,  when  in  fact  they  are 
but  slightly  so,  and  in  old  esamples  not  at  all.  An  explanation 
of  this  peculiarity  is  found  in  the  fact  that  the  cystoid  diaphragms 
occur  just  beneath  the  top  of  the  thin  cell-walls,  and  the  least 
wearing  will  remove  the  wall  all  around  the  cell  excepting  at  the 
small  posterior  opening  left  by  the  cystoid  diaphragms.  Groups 
of  cells  of  larger  size  than  the  average,  occur  at  intervals  of 
about  0.12  of  an  inch.  Ten  or  eleven  of  the  ordinary  cells  occupy 
0.1  inch. 

Tangential  sections  show  that  the  walls  are  thin,  that  small 
spiniform  tubuli  occupy  many  of  the  angles  of  junction,  and  that 
the  sub-circular  opening  or  tube  left  on  the  posterior  side  of  the 
cell  by  the  cystoid  diaphragms,  is  comparatively  small,  and  unless 
sharply  defined,  may  be  overlooked. 

In  vertical  sections  the  tubes  in  the  axial  region  are  not  pro- 
vided  with  diaphragms  excepting  in  special  zones,  where  they  are 
numerous.  In  the  peripheral  region  they  are  crowded,  and 
although  greatly  resembling  ordinary  straight  diaphragms,  they 
are,  nevertheless,  of  the  nature  of  cystoid  diaphragms.  Their 
posterior  portion  is  in  most  cases  abruptly  bent  iuward,  but  at  a 
point  BO  near  the  wiill  of  the  tube  that  it  may  be  overlooked. 

The  distinguishing  features  of  this  species  are  the  thin  walls, 
the  shallowness  of  the  cells  at  their  apertures,  and  the  large  size 
and  number  of  the  cystoid  diaphragms.  Slightly  worn  examples 
are  readily  identi6ed  by  the  peculiar  obliquity  of  the  cell-aper- 
tures, which  for  the  reasons  given  in  the  description,  ap]>ear  to 
he  very  small,  the  larger  portion  of  the  surface .  being  occupied 
seemingly  by  wall-substance. 

Formation  and  localily.  Rather  rare  in  the  Trenton  shales  near 
Fountain  and  Lanesboro,  in  Fillmore  Co.,  Minn. 

Register  Nos.  6977  to  5979. 


.vGoogIc 


STATS   8E0LOOIST.  83 

HOMOTBYPEI,i:<A,  oov.  gen. 

Zoaria  somewhat  irregularly  lamose,  rarel;  fr  on  descent;  mon- 
ticuleB  wanting;  small  maculae  of  interstitial  cells  uBaally 
present.  ZcKecia  small,  with  moderately  thick  walls  and  cystoid 
diaphragms.  Interstitial  cells  numerous,  often  comiiletely  iaola- 
tiog  the  true  zooecia;  diaphragms  straight.  Spiniform  tubuli 
very  numerous,  of  medium  size,  and  frequently  encroaching 
upon  the  visceral  cavity  of  the  zotecia. 

Type:    H.  instabilia,  n.  sp. 

The  above  characters  are  represented  in  at  least  six  species  now 
before  me.  They  ate  all  new  to  science  with  the  exception  of 
one,  a  description  of  which  has  been  published  by  me  under  the 
name  of  Chaetetes  grameliferua*  It  is  a  common  species  in  the 
Trenton  shaly  limestones  of  Kentucky.  Of  the  remaining  five 
species,  three  occur  in  the  Cincinnati  group  of  Ohio,  one  in  the 
same  formation  in  Illinois,  and  the  last  in  the  Trenton  shales 
of  Minnesota.  Judging  from  the  aggregate  of  characters,  the  - 
position  of  the  genus  is  intermediate  between  Peronopora,  Kicfa- 
olson,  and  Atuctoporella,  Ulrich,  on  the  one  side,  and  Homotrypa, 
Ulrich,  on  the  other.  The  genas  is  also  related  to  Leioclema  and 
Batostomella,  Ulrich,  but  dififers  in  the  tabulation  of  the  zooscia, 

HOHOTBTPELLA  INSTABII^IS,  n.  ap. 

Zoariam  ramose,  branches  rounded,  sometimes  irregularly 
nodnlar  or  lobate,  and  varying  in  size,  some  being  slender  and 
not  more  than  0.18  of  an  inch  in  diameter,  while  others  are 
mnch  heavier  and  in  several  instances  exceed  0.3  inch  in  diameter. 
Superficial  aspect  of  cells  presenting  a  variety  of  appearances 
depending  upon  the  age  and  preservation  of  the  specimens.  In 
well  preserved  younger  examples  the  cells  are  comparatively 
thin-walled,  subcircular,  aad  surrounded  by  slightly  smaller,  an- 
gular, interstitial  cells.  When  a  little  worn,  and  this  is  especi- 
ally the  case  in  the  larger  specimens,  the  walls  appear  very  thick, 
the  cell -apertures,  sub-circular  or  irregularly  inflected,  and  the 
interstitial  cells  scarcely  recognizable  as  such;  or  the  visceral 
cavities  of  the  latter  are  filled  solid,  and  the  observer  is  apt  to 
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suppose  that  they  are  absent.  In  well  preserved  and  fully 
matured  examples  the  interstitial  cells  are  again  obacnred  by  the 
spiniform  tuhuli.  These  are  rather  small  but  numerous,  there 
being  two  or  three  to  each  cell.  Small  "maculae"  of  interstitial 
cells,  usually  appearing  as  non-poriferous  smooth  spots,  may  oc- 
cur at  intervals  of  about  0.13  of  an  inch.  Eleven  or  twelve  of 
the  true  zooecia  occupy  0.1  inch;  the  diameter  of  their  apertures 
is  about  sinth  of  an  inch. 

In  tangential  sections  the  polygonal  line  of  contact  between 
the  cells  is  nearly  always  sharply  defined.  The  interstitial  cells 
are  numerous  and  of  unequal  size,  though  usually  of  much 
smaller  size  than  the  true  zooecia.  The  walls  of  both  kinds  of 
cells  are  of  equal  thickness,  the  portion  of  same  immediately 
surrounding  the  visceral  cavity,  being  also  of  darker  hue  than 
beyond.  Visceral  cavity  of  true  zo<scia  often  sub-circular  or 
ovate,  but  more  commonly  with  an  irregular  outline,  due  to  the 
encroachment  of  the  conspicuous  spiniform  tuhuli.  These  are 
nearly  or  quite  as  large  as  the  interstitial  cells,  and  differ  from 
them  only  in  having  their  central  portion  entirely  filled  by  a 
dark  deposit  of  sclerenchyma.  Their  number  varies  from  one  to 
three  times  that  of  the  true  zocncia.  At  unequal  intervals  the 
section  presents  small  irregular  aggregations  of  the  interstitial 
cells.  The  cystoid  diaphragms  are  not  present  in  these  sections 
excepting  when  they  are  prepared  from  very  young  examples  or 
cut  the  zoarium  at  a  deep  level. 

In  the  axial  region  of  a  vertical  section  the  walls  of  the  tubes 
are  thin  and  undulated,  the  diaphragms  straight  and  remote,  and 
the  direction  of  the  tubes,  from  their  point  of  origin  to  where 
they  enter  the  "mature"  or  peripheral  region,  forms  an  angle 
of  about  twenty  degrees  with  the  imaginary  central  axis  of  the 
branch.  In  the  peripheral  region  this  angle  is  gradually  increased 
antil  the  maximum  of  about  seventy-five  degrees  is  attained.  At 
the  same  time  the  walls  are  much  thickened,  and  the  numerous 
interstitial  cells  and  spiniform  tubuli  are  developed.  The  former 
are  distinguished  from  the  true  zocecia  by  the  fact  that  they  are 
intersected  by  straight,  complete  diaphragms  only,  while  the  true 
zocecia  have  the  superior  wall  lined  in  a  portion  of  their  length 
by  a  series  of  cystoid  diaphragms.  These  structures  number 
from  eight  to  fifteen  in  each  tube,  and  are  developed  only  in  the 
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region  interreniDg  between  the  fully  matured  peripheral  and  the 
inim&turp  axial  region.  Beyond  them  the  diaphragms  are 
crowded  and  essentially  horizontal.  In  the  interstitial  tabes 
they  are  scarcely  more  crowded  than  in  the  true  zocBcia,  and, 
especially  in  the  outer  portion,  more  or  less  obscured  by  scleren- 
chyma. 

It  is  highly  probable  that  the  above  description  embraces  more 
than  oue  species.  Both  extremes  in  size  present,  besides  some  im- 
portant differences  in  internal  structure.  These  have  not  been 
noted  in  the  descriptions  of  the  sections,  the  character  of  what 
I  regard  as  the  typical  form  alone  being  given.  Until  [  can  gire 
more  time  to  the  examination  of  the  relatire  importance  of  the 
Tariations  noticed,  I  have  deemed  it,  in  the  meantime,  advisable 
to  describe  them  under  one  specific  name. 

Formation  and  locality:  Rather  common  in  the  Trenton  shales, 
at  Minneapolis  and  other  localities  in  the  state  of  Minnesota. 

Register  Nos.  5025,  5981  and  5982. 

PBA80P0BA  SIHDLATBIX,  n.  ip. 

Zoarium  discoid  when  younjti  hemispheric  or  depressed  sub- 
conical  when  adult;  base  more  or  less  concave,  and  covered  with 
a  concentrically  striated  epitheca;  npper  anrface  celluliferous; 
hight  of  zoarium  varying  from  one-fourth  of  an  inch  to  two 
inches;  diameter  from  one-half  of  an  inch  to  four  inches. 
Zocecia  or  true  cells  with  sub-circular  apertures,  and  compara- 
tively thin  interspaces  that  are  occupied  by  rather  numerous 
small  angular  interstitial  cellos.  Groups  of  cells  of  a  slightly 
larger  size  than  usual  occur  at  intervals  of  O.IS  inch,  measuring 
from  center  to  center.  Between  these  the  interstitial  cells  are 
always  more  numerous  than  elaewhere,  and  not  infrequently 
'  form  a  small  "macula"  in  the  central  portion  of  the  clusters.  In 
the  spaces  between  the  "maciilas"  the  interstitial  cells  might  be 
overlooked,  although  as  shown  by  sections,  they  are  really 
numerous.  Diameter  of  apertures  of  one  of  the  ordinary  cells 
about  l-105th  of  an  inch,  while  nine  of  the  same  occupy  0.1 
inch. 

In  tangential  sections  the  trne  zococia  are  sub-circular,  or 
more  strictly  speaking,  polygonal,  the  walls  very  thin,  and  the 
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visceral  chamber  iiiTariably  intersected  by  the  creacentic  edge  of 
the  cystoid  diaphragm.  The  openi  ti(c  left  by  the  cystoid  diaphragms 
is  either  lateral  or  sub-ceotral,  but  more  commonly  the  former. 
The  zooecia  are  in  contact  only  at  limited  points,  and  the  inter- 
spacea  between  them  are  filled  by  the  small  interstitial  cells. 
These  are  somewhat  variable  in  number,  and  greatly  ao  in  size, 
hut  always  decidedly  angular.  They  are  furthermore,  collected 
at  intervals  into  small  sub-stellate  groups  or  "maculie." 

Yertical  sections  show  that  the  cystoid  diaphragms  form  a  con- 
tinuous series  on  one  or  both  aides  of  the  tubes,  according  as 
they  pxtend  all  around  the  circumference,  or  take  in  only  a  por- 
tion of  the  same,  while  an  equal  number  of  straight  diaphragms 
crosaea  the  remaining  portion  of  the  tube.  The  interstitial  tubes 
are  crossed  by  about  twice  as  many  simple  horizontal  diaphragms. 
The  cell-walls  throughout  are  very  thin. 

This  species  in  many  respects  closely  resembles  P.  Selwyni, 
Kicbolson,  but  they  differ  so  decidedly  in  the  internal  structure 
that  I  must  regard  them  as  distinct.  In  the  true,  or  what  Dr. 
Nicholson  calla  the  typical  form  of  P.  Selwyni,  the  cystoid 
diaphragms  are  isolated,  and  never  form  connected  series  as  they 
do  in  P.  simulatrix,  P.  graym,  Nich,,  and  Eth.  jr.,and  a  number 
of  other  species.  A  similar  and  even  more  marked  isolation  of 
the  cystoid  diaphragms  pertains  to  P.  oculata  and  P.  affinie, 
described  by  Fuord  from  the  Trenton  of  Canada.  None  ot  the 
Canadian  species  of  the  genuo,  so  far  as  known,  occur  in  the 
Trenton  rocks  of  Kentucky  and  Tennessee,  nor  in  theequivalent 
strata  of  the  northwest,  and  it  is  singular  that  all  the  American 
species  have  the  cystoid  diaphra^s  in  more  or  less  crowded  con- 
tinuous rows,  while  in  the  Canadian  species  the  isolated  condition 
of  these  structures  prevails.  Nicholson's  variety  hospUalts,  of 
P.  aelwyni,  is  more  nearly  related  to  P.  simulatrix,  but  differs  in 
having  spiniform  tubuli,  and  an  attached  zoarium.  But  why  P. 
kospitalis  should  be  called  a  variety,  is  more  than  I  can  under- 
stand. The  parasitic  habit  of  growth,  spiniform  tubuli,  and  mode 
of  tabulation  distinguish  it,-at  least  specifically,  from  P.  selwyni. 

Formation  and  locality.  In  the  Tn-nton  shales,  but  apparently 
not  common  in  any  locality  in  the  state.  It  has  been  found  at 
Minneapolis,  St.  Paul,  Lanesboro  and  Mantorville.     In  the  shaly 
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limeBtoues  of  the  Trenton  in  Eentuck;  and  Tennessee  the  species 
IB  exceedingly  commop,  and  grows  to  a  larger  size  than  the  Min- 
neaota  specimenB. 
Begister  Nos.  4041,  C124,  5532,  5986  to  59S8. 


PBASOPOBA  CONOIDEA,  n.  sp. 

Zoarium  depressed,  conical;  base  rather  deeply  concave,  and 
covered  with  a  concentrically  wrinkled  epitheca;  hight  varying 
from  0.3  to  0.6  of  an  inch;  diameter  from  0.4  to  0.8  of  an  inch. 
Upper  surface  celluliferODS  and  exhibiting,  at  intervals  of  0.12 
inch,  more  or  less  prominent  monticules,  mainly  occupied  by 
groups  of  cells  larger  than  the  average.  The  summits  usually 
appear  to  be  sub-solid,  but  sections  show  that  this  portion  of  the 
monticules  is  o'ccupied  by  an  aggregation  of  small  interstitial 
cells.  Zocecia  with  sub<circular  or  polygonal  apertures;  ten  of 
the  ordinary  size  occur  in  the  length  of  0.1  inch. 

Both  the  vertical  and  tangential  sections  resemble  those  of  P. 
aimulatrix  to  a  marked  degree.  In  fact  they  are  identical  in  all 
respects,  excepting  that  the  tangential  section  of  P.  conoidea 
shows  a  few  spiniform  tubuli,  and  usually  fewer  interstitial  celts, 
though  the  macnise  between  the  groups  of  large  cells  are  gener- 
ally  of  greater  dimensions  than  we  find  them  in  such  sections  of 
P.simulatrix.  As  the  differences  in  internal  structure  are  so  slight, 
the  external  characters,  such  as  the  form  of  zoarium  and  monti- 
cules, must  mainly  be  relied  upon  in  distinguishiug  the  two 
species.  In  nearly  one  hundred  specimens  of  P.  conoidea  ex- 
amined, the  small  size,  sub-conical  form,  more  or  less  developed 
monticules,  and  coacave  base,  are  very  persisteut  characters, 
and  sufficient  to  distinguish  specimens  of  the  two  species  at  a 
glance. 

Formaiion  and  locality:  At  Oxford  mills  near  Cannon  Falls, 
Ooodhue  county,  associated  with  P%//opi>ra.' corficosa,  Ulrich, 
Streptelaama  coniiculum,  Hall,  and  Pachydictya  eoneUiatrix, 
Ulrich. 

Register  No.  3483. 

PBASOPOBA  CONTIGUA,  d.  sp. 

Zoarium  hemispheric,  base  flat  or  slightly  concave,  usually  one- 
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half  or  three-fourtbs  of  an  inch  in  diameter,  and  rarely  one  inch 
or  more;  a  single  specimen,  apparently  belonging  to  this  species, 
is,  however,  about  four  inches  in  diameter.  Zooecia  with  thin 
walls  and  polygonal  apertures;  nine  of  the  ordinary  size  occupy 
0.1  inch.  Groups  of  cells  of  somewhat  larger  size  than  usual  . 
occur  at  intervals  of  0.15  inch.  Their  diameter  rarely  exceeds 
-^  of  an  inch.  Interstitial  cells  scarcely  detectable  at  the  sur- 
face. 

Tangential  sections  show  that  the  zooecia  are  polygonal,  and 
thiu-walled;  that  they  are  in  contact  excepting  at  their  angles, 
where  one  or  two  small  interstitial  cells  are  wedged  between 
them;  that  in  the  centre  of  the  groups  of  large  cells  there  is 
usually  a  small  aggregation  of  the  interstitial  cells;  and  that  a 
few  spinifnrm  tubuli  are  developed.  The  tubular  opening  left 
by  the  cysloid  diaphragms  is  of  medium  size,  and  more  often 
excentric  than  central  in  its  position  within  the  tube  cavity. 

Vertical  eectioDS  are  remarkable  mainly,  because  they  exhibit  a 
marked  decrease  in  the  numher  of  interstitial  cells,  when  com- 
pared with  other  species  of  the  genus. 

The  superficial  aspect  of  the  cellu  liferous  surface  of  this  species 
is  very  much  like  thatof  species  of  Jlfono^r^a,  and  to  a  less  degree, 
also  resembles  that  of  Prasopora  simulatrix.  Still,  after  a  little 
practice  they  are  readily  distinguished  by  the  thinner  cell-walls 
of  P.  contigua.  Tangential  sections  will  immediately  prove  their 
distinctness.  The  same  species,  very  slightly  modified,  occurs  in 
the  Cincinnati  group  at  Cincinnati,  Ohio,  about  three  hundred 
feet  above  the  Ohio  river. 

Formation  and  locality:  In  the  Treuton  shales  at  localities  in 
Qoodhue  and  Dakota  counties, 

Segisttr  Nob.  6301,  59S9,  653i. 

DIPLOTBTPA  INPIDA,  n.  sp. 

Zoarium  discoid,  eometimee  approaching  hemiapherical.  Base 
flat  or  slightly  concave;  hight  from  one  to  three  tenths  of  an 
inch;  diameter  from  one-half  an  inch  to  one  inch.  Zo<Bcia 
varying  in  form  from  polygonal  to  sub-circular,  the  shape  depend- 
ing upon  the  number  and  size  of  the  interstitiiil  cells.  In  some 
specimens  these  cells  are  almost  certain  to  he  overlooked,  as  the 
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zocecia  are  angalar  and  seeminglv  in  pi^rfect  contiguity.  In 
others  the  interstitial  cells  are  large  and  very  obvious  between 
the  true  zooectal  apertures,  which  in  these  lt)ecimens  are  cir> 
cular.  Atinterrals  of  0.15  inch,  measuring  from  center  tocenter, 
there  are  coDspicuoas  clusters  of  zocecia  of  larger  size  than 
UBual,  the  diameter  of  the  apertures  of  the  ordinary  cells  being 
only  about  1-llOth  of  an  inch,  while  that  of  those  forming  the 
clusters  varies  from  that  size  to  l-65th  inch.  Nine  or  ten  of  the- 
ordinary  zooecia  occupy  the  space  of  0.1  inch. 

Tangential '  sections  vary  somewhat  in  the  appearance  they 
present,  according  to  the  depth  below  the  surface  at  which  they 
divide  the  zoarium.  When  taken  just  below  the  surface  ot  a 
specimen  with  angnlar  zooecial  apertures  the  interstitial  celle, 
although  numerous,  are  small  and  wedged  in  between  the  zocecia, 
the  walls  of  the  latter  being  largely  in  contact  with  each  other. 
Spiniform  tubuli  of  moderate  size  are  developed  st  most  the 
points  of  junction  between  the  zooecia.  At  a  deeper  level  the 
zocecia  are  aub-circular,  and  from  their  shape  alone  are  necessa- 
rily in  contact  with  each  other  only  at  limited  points.  The 
interstitial  cells  are,  moreover,  much  larger,  and  somewhat  more 
numerous  than  they  are  in  the  region  just  described. 

In  vertical  sections  the  tubes  are  everywhere  perpendicular  to 
the  basal  epithecal  membrane.  Their  walls  are  not  excessively 
thin,  beiog  slightly  thicker  than  is  usual  with  species  of  the 
genus.  The  interstitial  tubes  are  more  cousplcuous  in  the  lower 
half  of  the  section  than  in  the  upper  where  the  true  zocecia  are 
often  in  contact.  That  condition  is  less  frequent  in  the  lower 
region.  The  diaphragms  in  the  zooecia  are  numerous  but  ex- 
tremely variable,  some  being  horizontal,  some  more  or  less 
oblique,  while  others  are  curved  and  overlapping,  and  occasionally 
present  the  appearance  of  short  irregular  series  of  cystoid  dia- 
phragms. The  diaphragms  in  the  interstitial  tubes  are  crowded 
and  horizontal.  The  thick-walled  apiaiform  tubuli  are  rather 
conapicnons  in  these  sections. 

It  is  difficult  to  determine  whether  this  species  has  more  affinity 
with  Prasopora  or  Biplotrypa.  The  only  important  character 
distinguishing  the  two  genera  is  found  in  the  cystoid  diaphragms. 
These  structures  are  not  present  in  the  typical  speuies  of  Diplo- 
trypa,  but  in  D.  regvlaria,  Foord,  the  diaphragms  are   usually 
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oblique  and  often  curved,  while  D,  infida  goee  bnt  a  step  farthar 
io  having  some  of  them  overlap  like  cystoid  diaphragms.  In 
tangential  sectioBs,  however,  the  appearances  presented  are  more 
like  those  of  LHplotrypa  than  Prasopora,  the  interstitial  cells  be- 
ing somewhat  larger  than  is  usual  in  the  latter  genus,  and  the 
very  striking  appearaoce  of  the  cystoid  diaphragms  of  Prasopora, 
when  cut  transversely,  is  either  absent  or  occurs  only  here  and 
there  in  isolated  instances.  So,  while  the  species  is  undoubtedly 
intermediate  between  the  two  genera,  the  greater  affinity  seems 
still  to  be  with  Diplotrypa. 

Foi-mation  and  locality:  In  the  Trenton  shales  of  Goodhue  and 
Fillmore  counties. 

Register  No.  5993. 

ASPIDOPORA  PARASITICA,  n.  sp 

Zoarinm  adhering  to  foreign  bodies,  upon  which  it  forms  thin 
sub-circular  patches  usually  about  one-half  an  inch  in  diameter, 
and  from  one  to  three  hundredths  of  an  inch  in  thickness.  In  a 
few  instances  noticed,  the  shell  upon  which  the  zoarium  had 
-comtnenced  its  growth  proved  too  small,  and  the  under  side  of 
the  colony,  where  it  projects  beyond  the  encrusted  boily,  is  cov- 
ered by  a  faintly  wrinkled  epitheca,  Zooecia  with  oval  or  cir- 
cular  apertures,  moderately  thin  walls,  and  a  regular  arrangement 
in  curved  series  around  groups  of  cells  larger  than  usual;  about 
ten  of  the  cells  in  the  spaces  between  the  "clusters"  occur  in  0.1 
inch.  Interstitial  cells  numerous,  but,  as  a  rule,  they  are  obscure 
at  the  surface  and  readily  overlooked.  Spiniform  tubuli  rather 
numerous  and  recognizable  at  the  surface  of  all  well  preserved 
examples. 

Vertical  sections  show  the  extreme  tenuity  of  the  ^oarium. 
The  zocecia  are  at  first  somewhat  prostrate,  but  they  soon  bend 
upward  and  open  at  the  surface  with  direct  apertures.  One  large 
cystoid  diaphragm  is,  apparently  always  present  at  the  bottom 
of  the  cell,  and  I  do  not  doubt  that  with  age,  a  short  series  of 
them  is  developed.  The  interstitial  tubes  expand  very  rapidly 
above  their  point  of  origin,  which  is  just  above  the  hasal  or 
-epithecal  membrane.  They  are  crossed  by  from  five  to  ten  close- 
set  horizontal  diaphragms. 


.vGoogIc 


BTATB   OEOLOaiBT.  91 

In  tangential  Bectione  the  zooecia  are  Bub-circnlar  or  oral,  and 
iQ  contact  with  each  other  at  two,  three,  or  four  points,  the  sub- 
rhomboidal  or  irregalar  spaces  intervening  being  occapied  by 
the  interstitial  cells.  Walls  of  zooecia  thin.  Spiniform  tubal! 
of  moderate  size  occur  at  nearly  aU  the  points  of  contact  between 
the  zooecia. 

The  parasitic  habit  of  the  species  distinguishes  it  from  all  other 
species  of  the  genus  known  to  me.  Otherwise  it  is  closely  allied 
to  both  A.  newberryi,  (Prasopora  newberryi,  Nickolson)  and  A. 
calycula  (Diplotrypa  calycula,  Nicholson),  from  the  Cincinnati 
group  of  Ohio.  I  know  of  no  associated  species  aufficieutly  re- 
sembling it  to  require  a  close  comparison. 

Formation  and  locality:  Not  uncommon  in  the  Trenton  shales 
at  Minneapolis,  St.  Paul  and  other  localities  in  the  state  of  Min- 
nesota 

Register  Nos.  5994,  5995. 

AMFLEXOPORA  WINCHELLI,  n.  sp. 

Zoarium  irregularly  ramose;  branches  cylindrical,  but  oftenei 
4Qore  or  less  flattened,  and  varying  in  diameter  from  0.2  to  0.3S 
of  an  inch.  Entire  hight  of  zoarium,  apparently,  not  more 
than  two  inches.  Monticules  are  absent,  though,  now  and  then, 
the  surface  is  very  slightly  undulating.  The  cells  are  small, 
thick-walled,  of  nearly  equal  size,  rather  irregalar  in  their  ar- 
rangement, and  when  well  preserved  the  walls  show  at  the  angles 
of  junction  the  elevated  points  of  the  spiniform  tubuU.  Inter- 
stitial cells  sparingly  developed,  or  wanting.  On  an  average 
.  nine  cells  occupy  0.1  inch. 

In  longitudinal  sections  the  tubes  in  the  "immature"  or  axial 
region  are  thin-wailed,  and  crossed  by  complete  diaphragms  from 
one  to  three  tube  diameters  distant  from  each  other.  In  the 
peripheral  or  "mature"  region  they  bend  outward  rather  abruptly, 
and  proceed  directly  to  the  surface.  As  they  enter  this  region 
their  walls  become  much  thickened;  in  some  sections  this  thick- 
«ning  of  the  walls  is  extreme.  As  usual,  the  diaphragms  are 
also  more  numerous,  often  crowded,  and  not  infrequently  exhibit 
A  tendency  to  coalesce  with  each  other. 

Tangential  sections  exhibit  considerable  variation  in  the  thick- 
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ness  of  the  cell  walls.  This  Tariability  ia  due,  apparently,  to  the 
different  ages  of  the  specimens  sectioned.  In  the  younger  exam- 
ples the  thickness  of  the  walls  equals  about  one  third  of  the 
diaroetT  of  the  cell-cavity,  while  in  very  old  specimens  the  cavity 
may  be  reduced  by  additional  deposits  of  sclerenchyma  to  a 
diameter  equaling  scarcely  more  than  one-third  the  thickness  of 
the  walls.  The  boundary  line  between  adjoining  cells  is  dis- 
tinctly defined  b;  a  dark  line.  Each  of  the  angles,  and  often 
points  between  ihom,  are  occupied  by  a  spiniform  tubulus  of 
medium  size.  When  in  a  good  state  of  preaervution  the  central 
Incid  spot  of  the  spiniform  tubuli  is  seen  to  be  larger  than  usual 
with  species  of  this  genus. 

In  some  respects  this  species  is  related  to  the  A.  canadensis, 
described  by  Foord  from  the  Black  River  and  Trenton  forma- 
tions of  Canada.  But  the  branches  of  that  species  are  much 
larger,  while  the  thickness  of  the  cell  walls  does  not  approach 
that  observed  in  matured  examples  of  A.  winchelli.  They  also 
differ  in  the  tabulation  and  direction  of  the  tubes,  as  well  as  in 
the  size  and  number  ol  the  spiniform  tubuli.  Associated  with 
this  is  a  common  species  having  all  the  characters,  save  one. 
ascribed  to  A.  superba,  Foord.  In  the  Trenton  rocks  of  Canada 
the  surface  of  that  species  presents  small  monticules.  These  are 
wanting  in  the  Minnesota  specimens,  but  as  the  presence  or  ab- 
Bence  of  monticules,  especially  in  the  genus  Amplexcpora,  is  of 
small  importance,  I  think  t  am  justified  in  regarding  them  as 
specifically  identical  with  the  Canadian  specimens.  The  larger 
cells  and  more  robust  zoariumof  A,  superba,  readily  distinguish 
that  species  from  A.  mncHelli. 

The  specific  name  is  given  in  honor  of  Prof.  N.  H.  Winchell, 
the  accomplished  chief  of  the  survey. 

Formation  and  locality:  Common  in  the  Trenton  ahales  at 
Minneapolis,  Minn. 

Register  Nos.  6999  to  6001. 

BAT08T0MA  FERTIL18,  n.  jp. 

Zoarium  large,  varying  from  ramose  to  sub-frondesceut,  or 
palmate;  branches  usually  more  or  less  compressed,  and  varying 
in  thickness  from  0.2  to  0.4  inch;   width  of  same,  from  0.3  inch 
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to  l.ii  inches;  hight,  so  far  as  observed,  not  exceeding  3.5  inches, 
Cell-u|>ertareB  varying  from  polygonal  to  circular,  according  to  the 
thickness  of  the  walls,  and  the  size  and  number  of  the  inter- 
stitial cells.  In  some  apecimena  having  sub-circular  cells  and 
the  apertures  surrounded  by  a  slight  rim,  the  interstitial  cells 
are  very  numerous  in  the  depressed  inter-zooecial  spaces.  This 
condit'OD  is,  however,  not  common,  yet  in  no  instance  have  I 
found  it  difficult  to  recognize  the  interstitial  cells,  as  they  are 
more  or  Jess  numerous  in  all  the  specimens.  Spiniform  tubuli 
numerous  but  very  small,  and  only  rarely  presenting  their 
superficial  terminations.  At  intervals  of  about  0.12  inch,  the 
surface  usually  presents  small  sub-stellate  maculae,  around  which 
the  zocBcia  are  generally  somewhat  larger  than  usual.  Seven  or 
eight  cells  of  the  ordinary  size  occupy  0.1  inch. 

In  vertical  sections  the  tubes  have  thin,  and  somewhat  irreg- 
ularly fluctuating  walls  in  the  axial  region  of  the  zoarium. 
They  proceed  toward  the  surface  in  a  gentle  curve,  and  as  they 
near  the  same,  their  walls  become  appreciably  thickened,  but 
never  to  any  great  extent.  The  interstitial  tubes  are  abruptly 
developed,  and  constricted  at  the  points  where  they  are  crossed 
by  the  diaphragms.  These  occur  at  but  slightly  shorter  intervals 
than  those  in  the  peripheral  regions  of  the  true  zocecia,  where 
they  aru  separated  by  distances  equaling  from  one-third  to  one 
tube  diameter.  In  the  axial  region  the  diaphragms  are  either 
very  remote,  or  more  commonly,  are  entirely  absent. 

Several  tangential  sections  show  that  the  zocecia  are  always 
more  or  less  angular;  that  they  have  thin  walla,  and  often  are  in 
contact  with  each  other  on  all  sides,  hut  usually  more  or  less 
separated  by  angular  interstitial  cells;  that  the  interstitial  cells 
are  especially  developed,  both  in  size  and  number,  at  rhythmical 
intervals  corresponding  to  the  small  "maculae"  observed  at  the 
surface;  and  that  the  spiniform  tubuH,  though  numerous,  are 
small  and  only  faintly  defined,  so  that,  unless  searched  for,  they 
may  bo  overlooked. 

This  species  is  not  closely  related  to  either  of  the  other  species 
of  the  genus  now  known  from  the  Trenton  formation  of  Min- 
nesota. Both  .6,  oitataaenais,  Foord,  and.B.  irrasa,  TTIrich,  have, 
when  matnred,  very  thick-walled  cells,  while  those  of  S.  fertUis, 
ore,  except  in  rare  instances,  comparatively  thin-walled.     Their 
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internal  characters  are  too  distinct  to  reqaire  comparison.  A 
more  closely  allied  species  occurs  in  the  apper  beds  of  the 
Giacinnati  group  of  Ohio,  and  another  in  the  Utica  slate  of 
Canada,  and  the  equivalent  formation  in  Kentucky.  As  no 
descriptions  of  these  species  have  yet  been  made  public,  it  would 
be  useless  to  institute  comparisons. 

Formation  and  locality :    Abundant  in  the  lower  half  of  th(* 
Trentsn  shales  at  Minneapolis  and  other  localities. 


BAT08T0HA  IBRASA,  n.  ap. 

Zoarium,  consisting  of  small,  sub-cylindrical  or  compressed, 
and  frequently  divided  branches,  usually  less,  rarely  a  little  more, 
than  0.3  inch  in  their  greatest  diameter.  Cells  with  polygonal 
apertures  and  thin  walls  when  young,  and  with  smaller,  oval  or 
sub-circular  apertures,  and  thick  walls  in  the  fully  matured 
examples;  seven  or  eight  occur  in  the  length  of  0.1  inch.  The 
spaces  between  the  cell-apertures  appear  solid  in  the  mature 
specimens,  but  in  some  of  the  younger  examples,  with  also 
angular  sooecial  apertures,  a  variable  number  of  irregularly 
shaped  interstitial  cells  may  be  recognized.  Spiniform  tubuli 
numerous,  two  or  more  to  each  cell;  they  are  large  and  constitute 
a  conspicuous  external  feature  of  mature  examples.  In  such 
specimens,  certain  small,  sub-stellate,  smooth  spots  are  most 
distinct. 

Vertical  sections  show  that  the  tubes  have  thin  and  irregular 
fluctuating  walls  in  the  axial  region,  but  less  thin  than  usual; 
that  in  this  region  they  are  crossed  by  remote  complete  dia- 
phragms; that  near  the  surface  the  diaphragms  are  nearly 
straight,  but  often  incomplete  and  less  than  a  tube  diameter 
apart;  that  their  course  from  the  point  of  origin  to  their 
apertures  forms  a  nearly  equally  curved  line;  that  tbeir  walls  be* 
come  but  slightly  thickened  until  just  below  the  surface,  where  the 
apertures  are  contracted  by  a  deposit  of  sclerenchyma,  and  many 
of  the  walls  separate  to  make  room  for  some  very  short  inter- 
stitial tubes  or  cells,  the  latter  are  usually  filled  by  a  secondary 
deposit. 

The  matured  region  being  very  shallow,  it  is  difficult  to  prepare 


.vGoogIc 


STATE  OROLOiOleT.  96- 

Batisfactory  tangential  sections.  A  Tery  good  one  shows  that 
the  cells  juab  below  the  surface  have  thick  ring-like  walls,  that 
their  form  ia  oval  or  sub-circular,  and  that  they  may  be  in 
contact  or  separated  by  very  irregular  and  unequal  interstitial 
cells,  which  have  been  more  or  less  completely  filled  by  an 
homogeneous  deposit  of  light-colored  sclerenchyma.  The  spini- 
form  tubuli  are  numerous,  and,  as  is  usual  in  this  genus,  have 
the  central  cavity  lai^e  and  distinct.  Where  the  section  cutfr 
the  zoarium  at  a  deeper  level  we  observe  that  the  cells  were 
angular  and  mainly  in  contact  with  each  other,  the  interstitial- 
cells  being  as  yet  small;  while  the  spiniform  tubuli  are  hardly 
perceptible. 

This  very  neat  species  is  quite  distinct  from  any  heretofore  des- 
cribed. In  having  a  few  incomplete  diaphragms  it  resembles  B, 
(Atawaensis,  Foord,  but  otherwise  they  are  quite  different.  Ia 
size  of  zoarium  it  appioaches  B.  implicata,  Nicholson,  but  the 
cell  walls  are'  not  inflected  by  the  spiniform  tubuli  as  in  that 
species,  nor  do  they  resemble  each  other  in  their  vertical  sections.. 

Formation  and  locality:  In  the  lower  portion  of  the  Trenton 
shales  at  Minneapolis,  Minn,  In  the  excavation  for  the  St.  Paul 
and  Northern  Paci6c  bridge  pier  on  the  eastern  bluff  of  the  river, 
these  layers  were  exposed  and  many  interesting  bryozoa  were  ob- 
tained from  them.  Of  these  Packydictya  foliata,  Stictoporella 
angularia,  and  S.  frondi/era  occur  on  the  same  slabs  of  shale  with 
Batostoma  irrasa. 

CALLOPOBA  UNDULATA,  n.  sp. 

Zoarium  ramose,  branches  small,  slender,  about  0.12  of  an  inch 
ia  diameter,  and  dividing  dichotomously  at  intervals  of  about  0.1 
inch  or  more.  Surface  with  rouuded  monticules,  that  usually 
coalesce  laterally  and  form,  more  or  less  complete,  transverse 
ridges,  five  in  0.4  of  an  inch.  In  some  specimens  the  monticules 
are  separate,  while  in  a  few  they  are  almost  obsolete.  Zooecia 
with  moderately  thin  walls,  and  sub-angular  apertures,  [ntersti- 
tial  cells  comparatively  few,  very  small,  readily  overlooked. 
Zocecial  apertures  nearly  equal  in  size  over  all  portions  of  the 
surface;  nine  occur  in  the  space  of  0.1  inch. 

Id  tangential  secti<jns  the  zooecia  are  oval  or  snb-angular,  the 
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walls  of  moderate  thickness,  and  preserving  the  original  line  of 
.junction  between  adjoining  cells.  Interstitial  cells  though  small, 
are  yet  larger  and  more  numerous  than  one  is  led  to  believe  from 
nn  examination  of  the  «xterior.  Nearl;  all  the  angles  of  junc- 
tion between  the  true  zocecia  are  occupied  by  them. 

Vertical  sections  present  no  marked  differences  from  other 
-species  of  the  genus.  In  fact  the  species  of  Callopora  are  remark- 
ably persistent  in  their  internal  structure,  and  the  points  mainly 
to  be  relied  upon  in  distingaishing  the  species  are  external.  As 
'Usual  the  tubes  are  closely  tabulated  for  a  short  distance  above 
their  point  of  origin  in  the  axial  region  of  the  zoarium.  Subse- 
quently the  diaphragms  are  remote,  audit  ia  only  just  below  their 
apertures  that  they  are  again  numerously  developed.  The  inter- 
stitial tubes  are  short  aud  closely  tabulated.  The  tube  walls  are 
some  what  thinner  throughout  the  zoarium  than  is  usual. 

Transverse  sections  present  the  characteristic  features  of  the 
genus.  In  the  axial  region  the  socecia  are  of  two  sizes,  the  larger 
being  sub-circular  or  polygonal,  and,  from  their  shape,  in  contact 
with  each  other  only  at  limited  points.  The  intervening  spaces 
are  occupied  by  more  angular  cells  in  every  stage  of  development 
so  far  as  size  is  concerned.  At  the  periphery  the  tubes  are  cut 
longitudinally.  Here  the  walls  are  of  moderate  thickneas,  and 
-divided  in  the  center  by  a  dark  line.  But  few  interstitial  cells 
.are  to  be  seen  in  this  style  of  section. 

The  rounded,  transverse  ridges  or  annulations  will  distingnish 
this  species  from  any  other  form  of  the  genus  described.  When 
these  are,  as  is  sometimes  the  case,  but  faintly  developed,  care 
must  be  taken  in  distinguishing  it  from  a  small  undescribed 
-species  of  Monotrypella,  occuring  in  the  same  beds. 

Formation  and  localitif:  Not  uncommon  in  the  Trenton  shales 
.at  Minneapolis  Minn. 

CALLOPOBA  XNCONTROVERSA,  ».  sp. 

Zoarium  ramose;  branches  smooth,  sub-cylindrical,  from  0.18 
to  0.30  of  an  inch  in  diameter,  and  dichoiomously  divided  at 
intervals  of  about  0.5  inch.  ZooDcia  with  oval  or  sub-circuUr, 
xarely  polygonal  apertures,  and  rather  thin  walls.  Small  groups 
of  slightly  larger  size  than  the  average  are  occasionally  present. 
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These  are  never  conspicaous  and  occur  at  irregular  intervals. 
Eight  or  nine  of  the  usual  size  occupy  0.1  inch.  Some  of  the 
sperturea  preserve  the  opercula.  The  central  perforation  is 
larger  than  usual  and  surrounded  by  a  distinct  rim.  Interstitial 
cells  generally  numerous,  but  varying  somewhat  in  distrihution 
and  number  in  diflerent  specimens. 

Tangential  sections  show  that  the  zocecia  are  nearly  circular 
or  hroadly  elliptical,  that  their  walls  are  of  moderate,  but  some- 
what variable  thickness,  and  that,  usually,  they  are  in  contact 
with  each  other  at  as  many  points  as  their  rounded  form  will 
admit.  The  interspaces  are  occupied  by  the  interstitial  cells. 
At  unequal  intervals  a  few  of  the  latter  form  smuU  irregular 
groups.  The  true  zoiBcia  in  the  immediate  vicinity  of  these 
groups  are  also  of  somewhat  larger  size  than  the  average. 

In  vertical  sections  the  tubes  form  a  gradual  but  rather  short 
curve  to  the  surface.  The  tabulation  and  appearance  of  the 
proximal  ends  of  the  true  zocecia,  are  so  much  like  that  of  the 
interstitial  tubes  that  it  is  reasonable  to  believe  that  their 
functions  were  also  alike.  From  the  point  of  origin  till  it  has 
attained  nearly  its  mature  size,  the  tube  is  crossed  by  twelve  or 
more  closely  and  regularly  arranged  diaphragms;  when  suddenly 
they  cease.  Near  the  surface  they  agiiin  become  numerous  bat 
irregular,  while  in  the  intervening  portion  they  occur  only  at 
remote  intervals,  or  are  entirely  absent. 

When  in  a  good  state  of  preservation,  even  small  fragments 
of  this  species  are  readily  recognized  by  the  characters  above 
described.  In  the  worn  condition  they  may  be  confounded  with 
an  associated  species  of  Homotrypa.  fSectioDS  will,  of  conrse, 
immediately  distinguish  them. 

Formation  and  locality:  Rather  rare  in  the  Trenton  shales  at 
Minneapolis,  Minn. 


TREMATOPOBA  PBIMIGENIA,  n.  sp. 

Zoarium  ramose;  branches  sub-cylindrical  or  compressed,  from 
0  06  to  0.12  of  an  inch  in  diameter,  and  dichotomously  divided 
at  intervals  of  0.2  inch  or  more;  the  attached  basal  expansion  is 
«ompariitiveIy  large,   and    usually   supports  several    branches; 
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entire  bight  of  branches  apparently  not  exceeding  one  inch. 
Superficial  aspect  of  zotscia  varying  with  age.  In  the  younger 
examples  the  apertures  are  oblique,  with  only  the  posterior  bor- 
der elevated,  and  the  interstitial  spaces  of  less  width  than  the 
diameter  of  the  apertures.  With  age  the  apertures  become  some- 
what smaller,  sub-cifcular,  and  more  direct,  and  the  peristome  or 
rim  nearly  equally  elevated  all  around,  while  the  interstitial 
spaces  are  widened,  till  in  some  examples  they  are  equal  to  twice  the 
diameter  of  the  zocscial  orifice.  Most  apeciniena  present  irregular 
spots  or  maculie,  where  the  zooecia  are  of  larger  size  than  usual 
and  separated  by  wide  interspaces.  Id  some  the  macolee  form 
circumscribed,  seemingly  solid,  spots,  thus  furnishing  a  conspic- 
uous feature  to  the  surface;  while,  on  the  other  hand,  in  a  few, 
otherwise  typical  examples,  only  traces  of  them  can  be  detected. 
On  the  whole,  therefore,  the  arrangement  of  the  zocecia  is  irreg- 
ular. Diameter  of  apertures  varying  from  riirth  to  j^jih  of  an 
inch.  From  ten  to  fourteen  occupy  the  length  of  0,1  inch,  but 
twelve  is  the  prevailing  number.  As  usual  with  species  of  the 
genus,  the  oritaces  of  the  interstitial  cells  are  closed  by  a  mem- 
brane. Sections  prove  them  to  be  numerous,  and  that  they  more 
or  less  completely  isolate  the  zocecia.  Spiuiform  tubuli  very 
small  and  general);  worn  away. 

Sections  present  the  usual  characters  of  the  genus  as  restricted 
by  me.*  In  the  final  report  on  the  paleeontology  of  the  state, 
they  will  be  fully  described  and  illustrated.  In  this  communica- 
tion it  will  suffice  to  state  that  all  the  essential  characters  of 
Trematopora  are  represented. 

The  large  basal  expansion,  email  branches,  rounded  cell  aper- 
tures, and  the  somewhat  depressed,  wide,  end  smooth  interstitial 
spaces,  and  "maculee,"  are  the  distinguishing  features  of  the 
species. 

Formation  and  locality:  Common  at  Minneapolis  and  other 
localities  of  the  state,  in  the  Trenton  shales. 

Register  Nos.  6010,  6011. 

TREMATOPORA  OBNATA,  n.  up. 

The  zonrinm  of  this  species,  in  its  growth  and  general  appear- 

•  Jour.  Cin.  Soe.  Nst.  HIM.,  vol.  »l.  p.  567. 
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&iiceB,  SO  closely  resembles  that  of  T.  primigema,- t}iat  a  detailed 
deBcriptioQ  will  scarcely  be  deemed  necessary.  They  differ  as 
follows :  The  zocecia  of  T.  ornata  are  more  closely,  as  well  as 
more  regularly  arranged,  the  interstitial  spaces  narrower  and 
more  depressed,  and  the  "macalie"  absent.  When  in  a  good 
state  of  preservation,  the  elevated  border  around  the  apertures  is 
surrounded  by  a  closely  arranged  series  of  granules  or  blnnt 
spines,  which  impart  a  very  ornamental  appearance  to  the  mag- 
nified surface.  A  variable  number  of  somewhat  larger  spines 
also  occurs  in  the  interstitial  spaces.  The  greater  development  of 
the  spines  is  the  most  obvious  and  important  difference,  and 
when  preserved,  should  distinguish  the  two  species  immediately. 

I  am  not  entirely  satisfied  that  the  generic  affinities  of  the 
species  have  been  correctly  determined.  Future  investigations 
may  prove  it  to  belong  to  Bythopora,  Miller. 

Formation  and  locality:  Rather  rare.  Associated  with  the 
much  more  abundant  primigenia,  at  Minneapolis,  Minn. 


BTTHOPORA.  HERBICKI,  it.  ap. 

Zoariumramose,  less  than  two  inches  in  hight;  branches  slen- 
der, cylindrical,  from  0.03  to  0.10  of  an  inch  in  diameter,  and 
divided  dichotomously  at  intervals  varying  from  0.3  to  0.5  of  an 
inch.  ZoOBcia  arranged  in  somewhat  irregular  longitudinal 
series,  with  thick  walls,  narrow  and  very  oblique  apertures,  the 
upper  end  of  same  being  drawn  oat  and  shallow.  luterspaces  or 
walls  sometimes  channeled,  or  with  elongate  shallow  pits.  Meas- 
ured longitudinally  about  seven  cell-apertures  occur  in  0.1  inch; 
transversely  eight  rows  occupy  0.05  inch.  Spiniform  tubuli 
small,  few,  and  but  rarely  preserved. 

The  internal  structure  of  the  species  has  not  been  determined 
satisfactorily,  being  obscured,  or  entirely  destroyed  by  crystal- 
lization. Still  the  superficial  characters  of  the  cells  are  so  much 
like  those  of  B.  /ruticosa.  Miller,  the  type  of  the  genus,  that  I 
feel  no  hesitancy  in  referring  the  Minnesota  specimens  to  the 
same  genus.  When  in  a  good  state  of  preservation,  B,  herricki 
can  not  be  confounded  with  any  of  the  associated  species,  the 
extremely  narrow   cell-apertures  being  quite  distinctive.     The 
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branches  are,  besides,  more  slender  and  cylindrical  than  those  of 
'  Trematoporst  primigenia  and  T.  omala. 

FortnatUm  and  locality:    Fragments  of  this  species  are  qnite 

common  in  the  Trenton  shales  of  St.  Paul  and  Minneapolis, 

Minn. 
'    Segister  Nos.  6012,  6013. 


MONOTRYPELLA  MULTITABULATA,  n.  sp. 

Zoarium  consisting  of  irregularly  divided,  cylindrical  or  slightly 
compressed  branches,  varying  in  diameter  from  0,15  to  0.4  of  an 
inch.  Surface  UHually  presenting  more  or  less  elevated  monticules, 
at  intervals  of  0.1  inch,  measuring  from  center  to  center.  In 
the  Minnesota  specimens  the  monticules  are  often  absent,  and 
instead,  we  6nd  groups  of  cells  of  Isrger  size  than  ordinary. 
Zocecia  polygonal,  eight  or  nine  in  the  spare  of  0  1  inch;  walls 
rather  thin.  Interstitial  cells  not  to  be  detected  at  the  surface. 
Spiniform  tubuli  wanting. 

In  tangential  sections  the  zooecia  are  seen  to  be  regularly 
polygonal,  in  contact  at  all  points  of  their  circumference,  and 
provided  with  only  moderately  thickened  walls.  Further,  each 
is  separated  from  the  other  by  a  distinct  boundary  line,  which  is 
often  conapicuonsly  thickened  where  three  or  more  cella  come  in 
contact,  so  as  to  resemble  spiuiform  tuhuli.  Here  and  there 
occurs  a  small  cell  whose  nature  is  doubtful.  They  are  most 
probably  abortive  or  young,  though  they  may  prove  to  be  inter- 
stitiiil. 

Vertical  sections  show  that  the  tubes  are  provided  with  an 
excessive  number  of  dinphragms.  In  the  axial  region  these 
structures  recur  at  intervals  varying  from  one  to  three  tube- 
diameters,  while  in  the  peripheral  portions  of  the  tubes  th«y  are 
extremely  crowded.  Many  of  the  diaphragms  in  this  region  are 
slightly  curved,  and  they  often  join  with  one  another.  The 
duplex  character' of  the  walls  is  preserved  throughout  the 
"mature"  region,  where  they  are  also  appreciably  thicker  than 
in  Ihe  axial  region.  In  n  few  instances  the  section  passes  through 
some  small  tubes,  which  present  the  usual  appearance  of  inter- 
stitial tubes. 
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The  distinguishing  feature   of   the  species  is   found   in   the 

extreuiely  numerous  diaphragms.  The  thin  polygonal  cells,  and 

absence  uf  spiniform  tubuli,  will  separate  it  from  the  associated 
ramose  bryozoa. 

Formation  and  locality:  This  is  a  common  species  in  the 
Trenton  formation  of  Kentucky.  It  also  occurs  rather  abund- 
antly in  the  shales  at  Minneapolis,  Laneaboro,  and  other  localities 
in  the  state. 
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DISTRIBUTION  OF  SPECIES. 
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REMARKS  UPON  THE  NAMES    CHETROCRINUS  AND 

CALCEOCRINUS,  WITH  DESCRIPTIONS  OF 

THREE  NEW  GENERIC  TERMS 

AND  ONE  NEW  SPECIES. 


BY  E.  O,  ULKICE. 


In  1860,  in  the  thirteenth  report  of  the  regents  of  the  N.  T. 
State  University,  Prof.  James  Hall  proposed  the  generic  name 
Ckeiroerinu3  for  a  very  anumaloua  group  of  paleeozoic  crinoids. 
Unfortunately  this  name  had  already  been  proposed  in  1856,  for 
a  genus  of  cystideana  by  Eicbwald*,  and  in  1859  Salterf  applied 
the  same  name  to  a  species  apparently  congeneric  with  the 
species  defined  by  Hall.  The  subject  is  complicated  still  further 
by  the  fact  that  in  1852  Ha]l|  applied  the  name  Calceocrinus  to 
some  triangular  criooidal  plates,  now  supposed  to  be  the  basal 
piece  of  a  crinoid  belonging  to  the  same  group  as  those  t'ubse- 
quently  referred  by  the  same  anthor  to  Chetrocrinus.  So  far  as 
I  have  been  able  to  ascertain,  this  supposltido  baa  not  yet  been 
Terified,  and  rests  solely  upon  the  resemblance  first  suggested  by 
Shumard.  Admitting  the  resemblance,  I  would  still  protest 
against  the  use  of  Calceocrinus  instead  of  Cheirocrinus,  for  the 
following  reasons :  (1)  According  to  modern  rules  of  nomencla- 
ture, Calceocrinus  cannot  be  regarded  as  an  established  genus, 
since  it  was  not  founded  upon  a  named  nor  described  species. 
(2)  The  triangular  plates  so  designated  may  belong  to  any  one 
of  at  least  three  distinct  generic  groups,  and  as  these  basal  pieces 
are  so  nearly  alike  in  all,  it  is  quite  impossible  to  determine  from. 

•Ballet,  Soc.  Nit.  Monan,  p.  t». 
tSllDrli,  McdlL,  p.  GK. 
tP&l.  M.  T.,  Tol.  II,  p.  SK. 
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the  description  and  figure,  for  which  of  the  groups  the  name 
would  be  entitled  to  stand,  in  case  the  first  objection  is  ruled  out. 

Aftf>r  a  careful  examination  aud  comparison  of  the  vaiious^ 
species  of  this  peculiar  family  of  criDoids  now  known,  I  have 
come  to  the  conclusion  that  they  full  naturally  into  three  distinct 
and  easily  distinguished  groups.  Thexe  are  separated  by  such 
well-marked  and  constant  characters  that  I  feel  justified  ia 
regarding  them  as  of  generic  importance.  Had  I  found  it 
possible  to  determine  to  which,  if  any,  of  these  three  genera  the 
original  specimens  of  Calceocrimts  belong,  I  -w^iuld  hare  been 
willing  to  overlook  the  objections  raised  against  the  use  of  that 
name.  Being,  however,  unable  to  do  so,  I  am  obliged  to  ignore 
it,  when  dealing  with  species  whose  characters  are  sufficiently 
known  to  make  their  generic  affinities  clear,  whiln  I  would 
suggest  that  the  name  be  used  temporarily  for  the  reception  of 
such  species  as  are  too  little  known  to  admit  of  unquestioned 
classification,  and  yet  are  UDequirocal  members  of  the  family. 

The  classification  proposed  is  briefly  defined  as  follows: 


CBEHACRIKID^.  d.  fatu. 

Natural  position  of  body  and  arms  drooping.  Basal  plate  sub- 
triaugular,  composed  of  several  anchylosed  pieces,  and  articula- 
ting with  the  body  plates  in  such  a  manner  as  to  allow  of  more 
or  less  movement.  Columns  attached  to  the  lower  angle  of  the 
basal  piece.  Plates  of  body  un symmetrical,  consisting  on  the- 
dorsal  side  of  two  large  dorso-lateral  pieces,  and  two  often  much 
smaller  central  platts;  on  the  ventral  side  of  three  generally  com- 
pletely anchylosed  pieces  which  form  an  arch  adapted  to  the 
shape  of  the  movable  basal  piece.  Arms  unequal,  but  developed 
symmetrically  on  each  side  of  a  centro-dorsal  arm,  usually  much 
the  strongest.  Yehtral  tube  long;  its  supporting  plates  rest, 
upon  the  ventral  arch. 
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(Figs.  I,  2  and  3.) 


QoLg 


v^ 


°°°o 


Tig.  1.    DI*gninibDirlDKiilraBtDreorbod]r»ainn*orCrnnacniiwp*iK(ahH,  D 
Stf.  a.    Diagram  (bowing  itrDclDn  of  Dellaerinut.  n.  (m. 
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.  CREMACBINVS,  n.  geo. 
Cheirocrlnas,  Ball,  (non  Eicbwald.) 

Base  composed  of  four  anchyloaed  pieces  which  together  form  a 
snb-triangular  or  semi>elliptical  plate,  and  to  the  lower  angle  of 
which  the  round  colamn  is  attached.  Body  ahova  the  base  com' 
posed  of  seven  plates,  four  on  the  dorsal  and  three  on  the  ventral 
side.  The  dorsal  plates  are  separated  from  the  b&sal  piece  by  a 
large  number  of  minute  plates,  seeming  to  have  been  imbedded 
in  an  articulating  ligament.  The  lower  cenfro'dorsal  plate  ia 
more  or  less  narrow  and  separates  the  two  dorao-lateral  plates. 
The  upper  central  plate  varies  in  form  from  enb-triangular  to 
trausversly  oblong-subquadrate,  and  rests  upon  the  lower  central, 
aod  the^upper  sloping  faces  of  the  dorso-lateral  pieces.  The  lat- 
ter are  much  larger  than  the  central  plates,  higher  than  wide, 
aubquadrate  or  sub-rhomboidal  in  outline,  and  curved  in  their 
upper  half  around  toward  the  ventral  side.  The  outer  margin  of 
each  is  concave  and  articulates  with  one  of  the  sub-ovate  lateral 
pieces  of  the  ventral  side.  These  two  pieces  incline  toward  each 
other,  and  with  the  central  piece  of  this  side  form  an  arch  that 
corresponds  in  outline  with  the  lower  margin  of  the  basal  plate. 
The  central  piece  is  larger  than  the  sub-oval  lateral  pieces,  wider 
above  than  below,  and  four-sided  or  hexagonal.  It  supports  a 
series  of  large  but  rapidly  diminishing  plates  that  form  the  pos- 
terior side  of  a  long  and  slender  ventral  tube.  The  dorsal  arm  is 
strong  and  simple,  and  restff  upon  the  upper  central  piece  of  the 
body.  The  first  piece  of  each  of  the  two  lateral  rays  is  supported 
by  the  upper  side  of  the  dorso-lateral  plates.  The  second  piece  is 
axillary  and  supports  two  equal  arms,  which  are  more  or  less 
-divided  above,  the  divisions  being,  however,  apparently  always 
unequal.' 

Type:    C. punctatua,  n.  sp. 

CremacriDua  panctatns,  q.  sp. 

Body  small,  compressed  antero-posteriorly.  Basal  piece  sub- 
triangular,  nearly  three  times  as  wide  as  high,  straight  along  the 
apper  margin,  faintly  convex  on  the  lower  sides,  and  pointed  at 
the  lateral  extremities.    It  is  composed  of  four  unequal  and 
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completely  aiic1iylo3ed  pieces;  the  combined  outline  of  the  two- 
small  upper  pieces,  which  are  separated  by  an  impressed  central 
Buture,  is  about  parallel  with  that  of  the  whole  piece.  The  col- 
umn  is  small  and  round,  and  attached  to  the  slightly  truncated 
lower  end.  The  apace  between  the  basal  piece  and  the  dorsal 
plates  is  filled  by  numerous  small  and  irregularly  distributed 
plates.  The  body  above  tlie  base  is  comparatively  short,  about 
0.4  inch  wide  at  a  point  near  the  middle  of  the  lower  half,  0.3 
inch  at  the  top,  and  about  0  2  inch  high. 

The  durso-lateral  plates  are  sub-quadrate  in  outline,  with  alt, the 
margins  excepting  the  upper  one  slightly  curved;  the  upper  half 
is  deflected  back  toward  the  ventral  side.  The  convex  lower 
centro-dorsal  plate  extends  nearly  to  the  top  of  the  dorso-lateral 
pieces,  is  slightly  concave  on  each  side,  and  strongly  so  below, 
where  the  two  sides  are  drawn  down  into  sipine-Iike  prulong&tions;. 
the  lower  and  inner  angle  of  the  dorso  lateral  plates  is  similarly 
prolonged,  so  that  the  basal  line  of  these  plates  forms  a  sigmoid 
curve.  The  lower  centro-dorsal  plate  is  about  O.l  inch  wide 
below,  very  slightly  narrower  above,  and  about  twice  as  long. 
The  upper  centro-dorsal  piece  is  nearly  twice  as  wide  as  the 
lower  p'ece,  upon  which,  and  the  short  sloping  upper  sides  of  the 
dorso-lateral  plates  it  rests.  It  is  twice  as  wide  as  high,  tran3> 
versely  oblong  in  outline,  rather  prominent,  and  apparently,  not 
anchylosed  to  the  other  plates  of  the  body.  The  ventral  arch 
consists  of  three  plates,  a  sub-triangular  central,  and  one  smaller 
tumid  sub-oval  plate  on  each  side.  Eestiog  on  the  central  piece 
is  the  first  of  a  series  that  supports  the  long  ventral  tube.  The- 
first  and  second  pieces  of  this  series  are  large  and  strongly 
convex,  hut  the  following  ones  are  considerably  smaller. 

Dorsal  arm  strong,  sub-cylindrical,  apparently  simple,  and 
composed  of  pieces  that  are  about  as  long  as  wide,  and  of  which 
six  occur  in  0.6  inch.  The  first  piece  tapers  upward  and  is  of 
the  same  hight  as  the  succeeding  ones.  Lateral  arms  two,  one 
on  each  side,  not  as  strong  as  the  dorsal  ray.  The  first  radial 
rests  upon  the  upper  sloping  side  of  the  dorso-latoral  plate,  and 
is  twice  as  wide  as  high.  The  second  is  slightly  higher,  pen- 
tagonal, and  supports  two  equal  divisions  of  the  ray.  Beyond 
this  the  arms  do  not  bifurcate,  hut  each  second  piece  throws  oS 
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a  loDg  aleoder  armlet.  Theae  occar  alternately  oa  each  side  of 
the  arm,  and  give  it  a  slightly  zigzag  appearance.  The  arm* 
pieces  are  rounded,  about  an  high  as  wide,  and  provided  with  a 
deep  ambulacral  furrow  within.  Entire  length  of  arms  at  least 
two  inches. 

Surface  of  all  the  plates  covered  with  rather  large  and  deep 
punctae,  just  visible  to  the  uuaided  eye. 

The  punctate  surface  will  distinguish  this  species  from  the 
other  forms  referred  to  this  genus.  The  centro-dorsal  pieces, 
^especially  the  lower,)  arc  also  Urge,  and  the  body  shorter  than 
in  those  species.  I  have  seen  specimens  of  a  species  with  sim- 
ilarly punctate  platet,  from  the  Trenton  limestone  at  Dixon,  III. 
In  that  species,  however,  the  dorsal  arm  is  much  smaller  than 
the  lateral  ones,  while  the  form  of  the  body  and  its  plates  is 
quite  different  from  those  of  C,  punctatus. 

The  fine  specimen  from  which  the  above  description  is  drawn, 
was  discovered  by  Mr.  Frank  G.  Shenahon,  and  very  generously 
presented  by  bim  to  the  author,  in  whose  cabinet  it  now  is. 

Formation  and  locality:  Trenton  shales,  at  Finn's  Glen,  near 
Minneapolis,  Minn. 


DELTACKINU8,  n  gao. 

Basal  piece  triangular,  composed  of  several  aucbylosed  pieces. 
Dorsal  side  of  body  above  the  base  composed  of  four  more  or  less 
firmly  unitfd  plutes.  The  lower  central  plate  is  triangular  and 
entirely  separated  from  the  upper  triangular  piece  by  the  large 
lateral  plates  which  unite  along  the  central  line.  Plates  of  ventral 
side  not  determiued.  Dorsal  arm  strong,  simple  or  divided.  The 
first  piece  is  the  largest  and  rests  upon  the  upper  centro-dorsal 
plate.  The  lateral  arms  are  two  on  each  side.  The  outer  one  is  the 
strong^t.  and  divides  into  two  equal  rays  on  the  second  piece. 
The  first  pliite  of  the  smaller  inner  arm  is  cuneate  below  and 
rests  upon  the  inner  lateral  sloping  face  of  the  first  radial  of  the 
outer  arm. 

Column  round,  attached  to  the  lower  and  inner  portion  of  the 
basal  piece. 

Type :  Cheirocrinus  ctarus.  Hall,  Hamilton  gr. 


.vGoogIc 


110  FODBTBSNTH  ANNUAL  BRPOBT. 

HALTSIOCRINU8,  n.  gen. 

Id  the  rormation  of  the  dorsal  side  of  the  calyx,  this  genaa  i» 
precisely  Dellacrmus.  The  only  difference  of  importance  ao  far 
detected  is  found  ia  the  numbitr  of  arms.  In  Cremacrinus  we 
have  three  primary  radiala,  and  in  Deltacrinus  five,  while  the 
species  for  which  the  above  generic  term  is  proposed  have  eleven," 
one  large  central  arm  on  the  doi-sal  side,  and  ten  smaller  onea, 
the  first  pieces  of  which  project  abruptly  outward,  and  extend  in 
a  curved  series,  transversely  aronnd  the  ventral  side.  Their 
inner  ends  articulate  with  the  ventral  arch.  All  the  arms  may 
bifurcate  one  or  more  times. 

Column  round,  attached  to  the  slightly  truncated  lower  ex- 
tremity of  the  sub-triaoguUr  basal  piece. 

Type:  Ckeirocrinua  daetylus,  Hall,  Burlin|i;ton  limestone. 
Aside  from  Calceocrinus,  the  first  notice  of  American  species 
of  this  family  of  crinoids  is  found  in  the  13th  Regents  Report 
already  referred  to,  in  which  Hall  defines  the  preoccupied  name 
Ckeirocrinua,  with  the  following  species:  C.  chrysalis,  Xiagara 
gr.,  C.  ventricosus  and  C.  daetylus,  Burlington  gr.,  C  tunicatus 
and  C.  nodosus  from  the  Keokuk  gr.  He  also  proposed  C. 
Utmellosus,  but  until  the  species  for  which  it  is  proposed  is  better 
described,  I  am  not  inclined  to  recognize  the  name.f  He  gives 
figures  of  C.  chrysalis,  C.  daetylus  and  C.  tunicatus.  In  the 
15th  Regents  Report,  N.  Y.,  for  1862,  he  defines  and  illustrates 
C.  clarus  from  the  Hamilton'  gr.,  and  in  1663,  in  the  Trans. 
Alb.  Inst.,  vol.  iv,  C.  stigmatus  is  described  from  the  Niagara 
gr  at  Waldron,  Ind.  Shumard  describes  C.  perplezus  in  1866, 
in  the  Trans.  St.  Louis  Acad.  Sci.,  from  strata,  supposed  to  be 
equivalent  tothe  Keokuk  limestone.  In  1869,  Meek  and  Worthen 
describe  C.  wachsmuthi  and  C.  bradleyi  in  the  Proc.  Acad.  Nat. 
Sci.,  Phil,,  the  f  jrmer  from  the  Burlington  limestone,  the  latter 
from  the  Keokuk  group.  Both  these  species  are  redescribed  and 
Illustrated  in  vol.  v,  Geol.  Sur.,  111.  In  1875,  (Qeol.  Sur.,  111.. 
vol.  vi)  Worthen  describes  and  6gures  the  body  of  a  Devonian 

•Sa  far  u  tbe  meani  st  hind  vlll  admit  Ibe  determination  of  tliia  polDt,  all  the  apnlea 
referred  to  the  genna,  appear  to  hsvu  bad  elevsn  arms.  The  number  or  UiarDl  aDd  ventral 
arms  might,  however,  be  found  to  vary  In  different  epeclci. 

'  ~  "'»  deacilpllon  read*  a»  followe :    "  Bodj  oukDOWn.    Anna  with  atrong  iamelloae 
a  a1  the  jolale.    BnrllngiOD  UmeatOM." 
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species  under  the  oatne  of  Calceocrinust  barrtst.  In  1882,  Ring- 
neberg  describes  and  illuBtrates,  (Jour.  Cia.  Soc.  Nat.  Hist.,, 
vol.  T,)  Caleeocrinus  radiculus  from  the  Niagara  gr.  In  the 
35th  Reg.  Eep.,  N.  Y.,  Walcott  illustrates  and  describes  Calceo- 
crinu3  barrandei  from  the  Trenton  gr.  So  far  aa  known  to  me 
there  are  only  two  other  species  described  from  American  rocks 
belonging  to  the  Cremacrinidae.  These  are  the  Beterocrinus 
inaequalis  and  H:  articulosus  of  Billings  from  the  Trenton  rocks 
of  Canada,  and  described  and  figured  by  that  author  in  1859,  in 
the  Can.  Org.  Rem.,  Decade  iv.  Of  the  sixteen  species  above 
enumerated,  C,  ventricosus,  Hall,  C.  perplexus,  Sbumard,  C. 
barrisi,  Worthen  and  H.  arficuloaus,  Billings,  are  too  little 
known  to  make  their  reference  to  any  of  the  three  groups 
proposed  certain,  and  I  leave  them  in  the  dubious  genua  Caleeo- 
crinus, where  they  have  been  placed  by  Mr.  S.  A.  Miller.*  The 
last  is  most  probably  founded  upon  one  of  the  lateral  arms  of  a 
Cremacrinus,  while  the  others  may  belong  either  to  Deltucrinua 
or  Halysiocrinus.  The  twelve  species  remaining  divide  up  as 
follows : 

C.  chrysalis,  Hall,  C.  inaequalis,  Billings,  C,  barrandei, 
Walcott,  and  C.  radiculus,  Ringueberg,  agree  with  Cremacrinus 
punctafus,  Ulrieh,  in  having  three  primary  radials,  and  the 
dorso-lateral  plates  entirely  separated  by  the  central  pieces.  In 
C.  barrandei  and  C,  radiculus  the  lower  centro-i^orsal  plate  is 
narrow-wedged  shaped,  and  almost  pointed  above  where  it  artic- 
alates  with  the  upper  central  piece.  This  plate  is  wider  in  C. 
punctatuB  than  it  is  in  any  of  the  other  species  here  referred  to 
Cremacrinus,  but  the  separation  of  the  large  dorso-lateral  plates 
is  nevertheless  complete  in  all.  This  character  and  the  limited 
number  of  primary  radials  are  the  distinguishing  features  of  the 
genus.     All  the  species  are  Silurian. 

The  proposed  genus  Deltacrinus  will  include  C.  clarus.  Hall,, 
the  type  species,  C.  stigmatua.  Hall,  0,  bradleyi,  M.  &  W.,  and 
very  likely  C.  tunicatus.  Hall.  These  species  all  agree  in  having 
the  dorso-lateral  plates  join  along  the  central  line  of  the  body. 
The  lower  centro-dorsal  plate  is  wide  and  depressed  triangular, 
the  form  being  quite  different  from  that  of  the  equivalent  piece- 

•Anwr.  FBI.  Fov,,  p.  TZ  and  n. 
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iQ  Cremacrinus.  The  form  of  tbe  upper  central  plate  resembles 
ihe  lower  in  every  particular,  excepting  that  the  lateral  anglea 
are  usually  obtuse.  The  arms  are  known  of  C.  claras  and  C. 
iradleyi  on\y,  but  Hall's  figures  of  Calceocrinus  atigmatus  in  the 
28th  Reg.  Rep.  N.  Y.,  show  the  articulating  scars  for  the  first 
arm  pieces  very  distinctly  and  leave  little  room  to  doubt  that  tbe 
arms  of  that  species  are  like  those  of  C.  clarus.  In  this  species 
ihe  arms  are  primarily  five,  conaisttng  of  the  large  centro-dorsal 
one,  which  may  be  divided  once  or  remain  simple  throughout, 
one  somewhat  smaller  lateral  arm  oo  each  side,  and  between  each 
-of  these  and  tbe  dorsal  arm,  one  still  smaller,  and  difTering  from 
tbe  lateral  arms,  whose  second  piece  is  axillary  and  supports  two 
eqnal  divisions  of  the  ray,  in  remaining  simple  thronghout,  or, 
at  any  rate,  for  a  longer  distance.  These  medio-laleral  arms  are 
further  peculiar  because  their  first  piece  rests  mainly  upon  tbe 
«ide  of  the  first  radial  of  the  lateral  arms.  Aside  from  them  the 
arms  of  Deltacnnus  do  not  differ  from  those  of  Cremacriitua. 
They  furnish,  therefore,  one  of  the  principal  difi'erences  between 
the  two  genera. 

Thfre  are  at  least  three  American  species  that  have  the 
chHracters  ascribed  to  Balysiocrinus.  These  are  tbe  C  dadylus 
and  C.  nodosus,  Hall,  and  the  C.  tcachsmuthi,  M.  &  W,,  the  first 
and  last  from  the  Burlington  limestone,  and  tbe  second  from  the 
Eeokuk  gr.  Beside  these  the  Ckeirocrinus  gothlandicus  of 
Angelin,  is  an  unquestionable  member  of  the  genus,  and  Prof. 
A.  H.  Worthen  will  illustrate  in  the  forthcoming  vol.  viii,  of 
the  HI.  Geol.  Sur.,  two  sp'^cimens  from  tbe  Keokuk,  which 
resemble  the  C  nodosus,  but  may  prove  specifically  distinct.  In 
the  Construction  of  the  body,  and  in  tbe  possession  of  a  strong 
dorsal  arm,  these  species  do  not  differ  from  Dellacr'mua.  Tbe 
lateral  arms,  however,  differ  conspicuously  from  all  the  species 
of  both  Cremacriniis  and  Deltacrinus,  in  being  much  more 
numerous,  sub-equal  and  in  extending  completely  around  the 
ventrnl  side.  The  primary  piece  of  the  first  of  these  lateral 
arms,  and  a  portion  of  the  first  piece  of  the  second,  rest  upon 
the  upper  side  of  the  dorso-lateral  plate,  while  the  primary  pieces 
of  the  remaining  six  ventral  arms  project  abruptly  outward,  and 
their  inner  surfaces  or  ends  articulate  with  the  anchylosed 
yentral  arch.     The  ventral  arms  give  to  these  crinoids  a  very 
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differeot  appearance  from  that  presented  b;  the  more  simple 
species  of  Cremaerinua  and  Deitaerinus.  In  my  opinion  tbey 
constitate  an  important  deviation  from  the  types  of  those 
genera,  and  inlly  warrant  generic  separation.  The  range  of  the 
genns  is  from  the  upper  Silurian,  (H.  g^hlandicui,  Ang.  ap.,)  to 
the  Eeoknk  group.  The  Deronian  formation  is,  however,  not 
represented,  the  other  apecies  of  the  genus  known  being  all  from 
sub-carboniferous  deposits. 

According  to  the  classification  here  proposed,  the  species  dis- 
cussed will  be  arranged  as  follows: 

CREHACRINIDAE.  d.  fam. 

CREHACBINVS,  a.  geo. 

C.  pnnctatua,  TTIricb.  Trenton  group,  (type  of  genus.) 
C.  inaequalis,  Billings.     "         " 
G.  barrandei,  Walcott.     "  " 

C.  radiculns,  Ringneberg  Niagara,  gr. 
G.  chrysalis,  Hall. 

DELTACBINVS,  n.  gta. 

B.  claruB,  Hall.  Hamilton  gr.    (Type  of  genus.) 

D.  stigmatus,  Hall.  Niagara  ^r. 

D.  bradleyi,  Meek  and  Worthen,  Eeoknk  gr. 

D.  ?  tunicatus,  Hall. 

HALYSIOCRINUS,  n.  gen. 

E.  dactylua,  Hall,  Burlington  gr.    (Type  of  genns.) 
H.  wachsmuthi,  M.  &  W.  Burlington  gr. 

H.  nodosus.  Hall,  Eeoknk  gr. 

H.  gothlandicus,  Angelin,  Upper  Silurian. 

OALCEOCRINrS?  Ha3l. 

G.  articnloeos,  Billings,  Trenton  gr. 

C.  barrisi,  Worthen,  Hamilton  gr. 

0.  Tentricosus,  Hall,  Burlington  limestone. 
C.  perplexns,  Shumard,  Eeokuk  gr. 
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IV. 
CONCHOLOGICAL  NOTES. 


A  number  of  sliells  from  Tarious  parts  of  the  state  have  been 
collected  by  the  geological  and  natural  history  survey  at  different 
times,  but  no  attempt  has  been  made  to  obtain  a  series  of  speci- 
mens illustrating  the  mollnscan  fauna  of  the  state.  The  shells, 
thus  obtained  were  nnpacbed  and  classified  during  the  last  sum- 
mer. They  are  mostly  bivalves  and  are  all  "dead,"  thus  furnish- 
ing only  a  few  good  museum  specimens,  but  giving  a  number  of 
localities.  Last  summer  one  week  was  spent  by  the  writer  in 
collecting  in  the  vicinity  of  Minneapolis;  a  few  species  were 
added  to  the  collection  already  obtained,  but  no  thorough  search 
was  made;  if  more  time  could  have  been  used  a  much  larger 
number  of  species  probably  would  have  been  found.  Hennepin 
county  does  not  seem  to  be  a  good  locality  for  laud  forms  and 
very  few  were  obtained.  There  are  now  some  eighty  species  in 
the  University  Museum. 

The  writer  wishes  to  obtain  for  the  survey  as  many  specimens 
as  possible  representing  different  localities.  Any  shells,  even  the 
most  common,  will  be  gladly  received,  and  there  are  quite  a 
nnmber  of  duplicates  to  exchange  with  those  who  desire.  Any 
of  our  lakes  will  furnish  several  species,  and  on  the  muddy  banks 
and  sand-bars  of  the  rivers  can  be  found  large  numbers  of  fresh- 
water clams.  At  low  water  the  sand-bars  will  in  some  places  be 
almost  covered  with  dead  shells;  the  live  ones  will  be  found  in 
muddy  more  commonly  than  in  sandy  bottoms.  As  an  example 
of  the  abundance  of  fresh-water  mollusks  in  this  state,  it  can  be 
said  that  thirty  species  were  found  in  the  Minnesota  river  at  Ft. 
Snelling,  and  very  likely  more  could  have  been  procured  by  far- 
ther search.  It  is  probable  that  other  rivers  of  the  state  can 
furnish  as  large  a  number  of  species  as  the  Minnesota. 
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In  the  following  an  attempt  baa  been  made  to  gire  the  species 
so  far  collected,  and  the  localities,  especially  those  most  widel; 
separated.  All  species  and  localities  can  be  referred  to  specimens 
in  the  TTniTorsity  collection  or  in  that  of  the  writer.  It  is  hoped 
that  more  interest  may  be  taken  in  the  shells  of  the  state  and 
that  the  surrey  may  be  aided  in  acquiring  a  complete  series  of 
the  mollusks  of  Minnesota. 

The  survey  is  indebted  to  the  kindness  of  professor  R.  Ells- 
worth Call  for  the  classification  of  most  of  the  Unionidae. 
Descriptions  of  all  of  this  family  could  not  be  easily  obtained, 
and  even  if  the  necessary  books  were  handy,  the  aid  of  a  special- 
ist would  be  needed  in  the  classification  of  this  family.  Prof. 
Gall  has  also' kindly  helped  in  the  verification  of  some  of  the 
gasteropoda. 

LAMBLLIBRANCHIATA. 
Family  UNIONID.^. 

Anodonta  corpulenta.  Cooper — Five  or  six  specimens  were  ob- 
tained in  the  Minnesota  river  at  Ft.  Snelling;  only  one  of  them 
was  adalt;  this  approaches  A.  grandis  in  size,  but  is  much  higher 
in  proportion  to  its  length  than  is  A.  grandis;  this  specimen  is 
1  inches  high  and  £>|  in  length.  1496.  (These  nnmbers  refer  to 
the  Zoological  Register  of  the  museum.) 

Anodonta  edentula,  Say. — Red  river,  Wilkin  county,  and  Min- 
nesota river  at  Qranite  Falls.  This  shell  is  heavier  in  proportion 
to  its  size  than  any  of  our  other  species  of  this  genus.     1441,  1518. 

Anodonta  ferussaeiana.  Lea. — Only  one  specimen  has  been  col- 
lected and  this  was  found  in  the  Rum  river  at  Anoka;  it  measures 
H  inches  in  length  and  \\  in  hight.     1611. 

Anodonta  grandis.  Say, — Rollingstone  creek,  Minnesota  City, 
and  Zumbro  river,  Wabasha  county.  This  is  the  largest  species 
of  the  genus  foand  in  Minnesota;  it  will  probably  be  found  Quite 
commonly  in  some  localities.     1589,  1590. 

Anodonta  imbecilis.  Say. — Very  abandaat  in  the  Minnesota 
river  at  Ft.  Snelling;  a  very  pretty  fragile  shell  with  bright 
green  epidermis,  sometimes  having  faint  darker  green'radiationa; 
the  largest  specimens  found  are  nearly  2|  inches  long.     1497. 

Margaritant*  cotnplanata,  Barnes. — One  yonng  shell  was  found 
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in  the  Minneaota  river  at  Ft.  SuelliDg.  This  species  grows  to 
be  very  large,  aometimes  meaBuring  over  17  inches  in  circum- 
ference, and  not  more  than  2  inches  in  width.     1498. 

Margaritana  confragosa,  Say. — This  pecnliar  species  has  been 
fonnd  only  in  the  Minnesota  river  at  Ft.  Snelling;  two  yonng 
specimens  were  procured  and  one  very  fine  adalt,  which  is  H 
inches  long  and  Si  inches  high.  This  locality  is  believed  to  be 
the  most  northern  ^m  which  the  shell  has  been  reported,  and 
the  first  time  from  Minnesota.     1493. 

Margaritana  marginata,  Say. — Found  in  the  Minnesota  river 
al  Granite  Falls,  and  the  Mississippi  at  Ft.  Snelling;  no  full 
grown  specimens  are  yet  in  the  mnseam.     154U. 

Margaritana  rugoaa,  Barnes — Only  one  specimen  is  in  the  mos' 
earn;  this  is  aboat  one  third  grown  and  was  fonnd  in  the  Min- 
nesota river  at  Granite  Falls.  The  posterior  end  of  this  species 
has  a  nnmber  of  peculiar  folds  that  are  more  distinct  near  the 
top  of  the  shell;  the  nacre  is  usually  of  a  delicate  cream-color. 
IMl. 

Unio  cesopus,  Green. — Common  in  the  Mississippi  river,  Dres- 
bach,  Winona  county.  This  shell  is  characterized  by  a  single 
row  of  elongated  tnbercles  on  each  valve  eitending  from  the 
nmbone  to  the  lower  margin;  these  tubercles  are  more  in  number 
and  not  so  conspicuous  as  those  on  17.  comutua.    1480. 

Vnio  alatua,  Say. — Red  river,  Wilkin  county;  Mississippi  river, 
Winor.a  county;  lake  Pepin;  common  in  the  Minnesota  river  at 
Granite  Falls  and  at  Ft.  Snelling.  Three  slate  species  of  this 
genus  have  been  found  in  the  state,  alatua,  Ueviasimut,  and  gracilis; 
the  first  two  have  a  red  nacre  and  are  of  nearly  the  same  size,  but 
the  first  is  a  much  heavier  shell  and  has  stronger  teeth ;  V.  gracilia 
is  smaller  than  the  othera,  the  epidermis  is  much  lighter  in  color 
and  is  rayed  with  green,  and  the  red  nacre  is  generally  confined 
to  the  doreal  portion  of  the  shell.  These  three  species  occur 
quite  commonly  in  the  Minnesota  river  at  Ft.  Snelliug,  bat  more 
specimens  of  the  last  were  procured  than  of  the  others.  1436,' 
1472,  149.5,  1542. 

Unio  anodontoidea,  Lea. — Very  abundant  in  the  Minnesota  river 
at  Ft.  Snelling.  A  pretty,  long,  salmon-colored  shell;  the  epi- 
dermis has  a  number  of  dark  rays,  but  sometimes  the  rays  are 
nearly  obsolete.    1605. 
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Unto  comuius,  Barnes. — Lake  Pepin;  Mississippi  river,  Wino- 
na  county;  Minnesota  river,  Ft.  SDelling.  This  species  has  not 
been  found  very  abundantly,  but  is  qnite  common  in  Lake  Pepin; 
it  is  easily  recognized  by  a  row  of  large  tubercles  on  each  valve; 
they  extend  from  the  ambone  to  the  lower  margin  and  the  largest 
are  raised  about  a  quarter  of  an  inch  from  the  surface  of  the 
shell.  (See  V.  (ssopus.)    1430, 1481, 1506. 

Unio  ebenus.  Lea. — Yery  abundant  in  the  MisBiaaippi  rtver  at 
Dresbach,  Winona  county,  but  has  not  been  found  elsewhere. 
1484. 

Unio  elegana,  Lea. — Only  ou«  specimen  is  in  the  museum,  and 
this  came  from  the  Minnesota  river  at  Ft.  Snelling.  A  very 
pretty  shell  with  nomerous  radiations.    1500. 

Unio  ellipsis,  Lea. — Common  in  the  Mississippi  river  at  Dres- 
bach, Winona  county.     1483. 

Unio  gibbosui,  Barnes. — Minnesota  river  at  Ft.  Snelliog;  not 
common.  This  species  is  similar  in  shape  to  V.  rectus,  but  cun 
be  diatinguished  from  it  by  the  coarser  undulations  on  the  nm- 
bones  and  by  the  heavier  lateral  teeth.  The  nacre  is  usually 
red.     1504. 

Unio  gracilis,  Barnes. — Abundant  in  the  Minnesota  river  at 
Ft.  Snelling.  This  shell  is  oblong  and  quite  fragile  and  hat  a 
light-olive  epidermis.  The  largest  specimens  obtained  are  4^ 
inches  long.     (See  U.  cUatus.)    1499. 

Unio  graniferous,  Lea. — One  dead  shell  was  found  in  the  Mis- 
aissippi  river  at  Ft.  Snelling.     1533. 

Unio  Lacrgmosus,  Lea. — Two  specimens  are  in  the  museum ;  one 
from  the  Red  river,  Wilkin  county,  and  the  other  from  the  Min- 
nesota  river.  Ft.  Snelling.  The  latter  is  2f  by  2i  in.  1435, 
1518. 

Unio  l(evissimus,  Lea. — Common  in  the  Minnesota  river  at  Ft. 
Snelling.  The  shell  is  very  thin  and  has  a  shining  epidermis. 
(See  17.  cOatus.)    1494. 

Unio  ligamentinus,  Lamarck.  Lake  Pepin;  Mississippi  river, 
Winona  county;  common  in  the  Minnesota  river  at  Qranite 
Falls.  The  specimens  from  Winona  county  are  very  heavy :  the 
largest  is  6  inches  long.    1477,  1545. 

Unio  luteolus,  Lamarck. — Mississippi  river,  Brainerd;  lake 
Minnewaaka,  Pope  county;  White  Bear  lake;  Minnehaha  ci-eek. 
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Hennepia  county;  Red  rirer,  Wilkin  county;  Mississippi  ri?er, 
Winona  coDnty;  Rollingatone  creek,  Minnesota  city;  lake  Min- 
cetonka;  Minnesota  river,  Ft.  Snelling;  Mississippi  river.  Anoka 
county;  Rum  river,  Anoka.  This  is  our  most  common  species 
and  is  usually  found  very  abandantly.  It  is  extremely  variable. 
Those  found  in  the  lakes  in  the  vicinity  of  Minneapolis  are  quite 
small,  fragile,  and  much  eroded,  and  the  radiations  are  nearly 
obsolete.  The  heaviest  and  largest  yet  found  are  from  Ft. 
Snelling;  some  of  these  are  5  inches  long.  The  young  sheila  am 
very  beautifully  rayed  with  green.  14>23,  1425,  1434,  1443,  1454, 
1474,  1485,  1491,  1602,  1509,  1512,  1569. 

Unio  metanerous,  Rafinesque. — Mississippi  river,  Dresbach,  Wi- 
nona county;  Minnesota  and  Mississippi  rivers.  Ft.  Snelling; 
rather  common  in  Lake  Pepin.  This  shell  has  a  large  ridge  ex- 
tending from  tbe  nmbones  to  the  basal  posterior  margin.     1476. 

Vnio  occidens.  Lea.— Rather  common  in  the  Mississippi  river 
at  Dresbach,  Winona  county.    147d. 

Unio  parvus,  Barnes. — About  a  dozen  specimens  nere  found 
in  the  Minnesota  river  at  Fort  Snelling;  the  largest  is  leas  than 
an  inch  long.  This  is  the  smallest  species  of  the  genus  yet  found 
in  the  state.     1508. 

Vnio  plicatus,  Le  Sueur. — Mississippi  river,  Dresbach,  Winona 
county;  Minnesota  river  at  Ft.  Snelling  and  Qranite  Falls;  Lake 
Pepin.  Rather  common  in  these  localities.  {See  U.  undulatus.) 
1473,  1517, 1546. 

Unio  rectus,  Lamarck — Mississippi  river,  Brainerd;  Red  river, 
Wilkin  county;  Rum  river,  Anoka  county;  Minnesota  river, 
Qranite  Falls;  Mississippi  river.  Wiaona  county.  This  species 
ifl  common  and  in  some  places  abundant.  It  is  a  long  straight 
shell;  some  of  the  adults  are  5i  in.  long  and  2^  high.  (See  U. 
gibbosua.)    1422,  1433,  1503,  1546. 

Unio  rubigino3US,  Lea,— One  specimen  from  the  Red  river,  Wil- 
kin  county,  is  in  the  museum.     1437.  * 

Vnio  securis,  Lea. — Lake  Pepin;  Mississippi  and  Minnesota 
rivers  at  Ft.  Snelling.  Not  common,  a  very  pretty  straw-colored 
shell  with  fine  radiations  and  dark  blotches,  which  are  arranged 
in  rows  from  the  nmbones  to  the  lower  margins.     1516. 

Vnio  solidus,  Lea. — One  specimen  was  found  in  the  Mississippi 
river  at  Ft.  Snelling.     1513. 
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Unto  trigonua.  Lea. — CominOD  iu  lake  Pepia  and  in  the  Miune- 
aota  river  at  Ft.  Snelling.  The  largest  specimens  are  2i  inclies  by 
2.     1521. 

Unio  tuberculatus,  Barnes.— Minnesota  river  at  Granite  Falls 
and  at  Ft.  Snelling!  Mississippi  river,  Dresbacb,  Winona  county. 
This  species  has  not  been  fuand  to  be  very  common  in  the  locali* 
ties  named.  A'imost  the  entire  shell,  except  the  posterior  por- 
tion, is  covered  with  small  tubercles.  Tbelargest  8i>ecimen  is  5 
inches  long  and  2|  high.     1514,  IMS,  1588. 

Unio  undulatus,  Barnrs. — Common  in  the  Red  river,  Wilkin 
county.  This  shell  resembles  U.  plicatus,  but  is  mach  thinner; 
it  will  probably  be  found  to  be  rather  common.  The  posterior 
half  of  the  shell  is  covered  with  undulations  that  run  from  the 
nmboncs  obliquely  to  the  lower  and  posterior  margins;  these  uur 
dolations  also  exist  on  U.  plicatus.     1442. 

Unio  ventricosm,  Barnes. — Miasissippi  river,  Brainerd;  Bed 
river,  Wilkin  county;  Rum  river,  Anoka  county;  Minnesota 
river  at  Granite  Falls  and  Ft.  Snelling.  This  is  a  very  common 
species  and  widely  distributed.  The  specimens  from  the  Rum 
river  arc  dark-colored  and  beautifully  rayed  with  green,  while 
those  from  the  Red  river  are  straw-colored  and  the  radiations  are 
nearly  obsolete-     1424.  1439,  1610,  151S,  1544. 

Unio  zigzag,  Lea,— Rather  common  in  the  Minnesota  river  at 
Ft.  ijnelling;  the  largest  specimen  is  1  inch  long  and  \i  high. 
This  is  a  very  pretty  little  shell  bt^autifnlly  marked  with  dark- 
green.     1601. 

CORBICULAI>.iC 

SpJuerium  occidenlale,  Prime.— This  species  has  been  found  only 
at  Minneapolis,  and  is  not  at  all  common.  This  family  contains 
quite  small  bivalves;  those  found  in  Minnesota  are  usually  leas 
than  half  an  inch  long.     146. 

Spharium  partunmum,  Say. — Found  only  at  Minneapolis.  1566. 

Sphterium  rhombotdeum,  Say.— Only  one  specimen  in  the  mus- 
eum; this  came  from  lake  Bertram,  Wright  county.     1565. 

Spltarium  striatinum,  Lamarck. — This  species  is  so  far  found 
to  be  the  most  common  of  the  genus  in  this  state;  it  is  very 
common  in  Minnehaha  creek;  Minnesota  river  at  Ft.  Snelling; 
and  Mississippi  and  Rum  rivers,  Anoka  county;  two  specimens 
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were  obUined  in  lake  Bertram,  Wrinht  -couaty.  This  species 
varies  considerably  in  size,  color  and  thickness;  one  of  the  speci- 
mens from  Wright  county  is  much  the  largest  in  the  maseam; 
it  measures  |  inch  in  length.     1537,  1538,  1561. 

Sphisrium  transversunt,  Haldeman. — Common  in  the  Minnesota 
river  at  Ft.  Snelling.  This  is  the  smallest  bivalre  yet  found  in 
the  state,  bein;;  only  .15  inch  long.     1520. 

GASTEROPODA. 
HELICID.^. 

Hyalina  arhorea.  Say— Quite  common  in  the  ricinity  of  Minne- 
apolis; found  associated  with  Paiula  striatella.  It  is  a  pretty 
sbioing  little  shell,  measuring  about  -f^  of  an  inch  in  diameter. 
1459. 

Helicodisctts  lineatus,  Say. — Rather  common  in  Hennepin 
county.  This  is  a  small  flat  shell  with  one  or  two  small  white 
teeth  within  the  mouth.     1436. 

Patula  altemata,  Say. —  Common  in  Hennepin  county;  under 
stones  on  Nicollet  island  this  shell  is  very  abundant.  This 
is  our  only  large  Helix  that  has  reddish-brown  blotches  on  the 
epidermis;  adult  specimens  are  ^  inch  in  diameter.     1432. 

Patula  striatella,  Anthony. — This  is  the  most  abundant  land 
shell  in  Hennepin  county.  It  is  found  in  almost  every  damp 
place  under  chips  and  logs;  some  of  the  larger  specimens  are  .23 
inch  in  diameter.  The  surface  of  the  shell  is  covered  )vith  ribs. 
1534. 

StrobUa  labyrinthica.  Say. — Rather  common  in  Hennepin 
county.  Most  of  the  specimens  collected  are  "dead"  shells. 
1455. 

,  Stenotrema  montx^n,  Rackett. — Two  specimens  hare  been  found 
on  the  University  campus;  the  largest  is  .35  inch  in  diameter. 
This  is  a  brown  shell  and  quite  thick  for  its  size;  there  is  a  long 
narrow  white  tooth  on  the  inside  edge  of  the  mouth.     1461. 

Meaodon  multilineata.  Say. — Found  near  White  Bear  lake; 
common  in  the  viciuity  of  Minneapolis.  This  shell  is  readilr 
distinguished  from  all  others  of  the  family  in  this  state  by  its 
size  and  by  the  numerous  revolving  reddish-brown  lines.  Two 
specimens  were  found  entirely  lacking  the  revolving  lines.     This 
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species  can  be  found  crawling  about   on  tbe  jcronnd  in  damp 
woods.     1449,  1466. 

Vallonia  pjtlchella,  Mailer. — Fonnd  ver;  abandantly  under  logs 
on  one  corner  of  the  TTniversity  campas,  but  haa  not  been  fonnd 
elsewhere.  This  is  a  small  white  shelt,  almost  transparent,  and 
the  lip  is  thick  and  quite  broad.  The  largest  specimens  are  a 
little  more  than  ,',  inch  in  diameter.     1469. 

CiotuUa  subcylindrica,  Linnsens. — About  twenty  specimens 
have  been  found  near  Minneapolis.  This  is  one  of  our  prettiest 
land  shells;  the  epidermis  is  shining  light-brown,  and  there  is  s 
reddish  line  on  the.lip.  The  shell  is  .26  inch  long  and  .OS  in 
diameter.     1470, 

Succinea  obliqua,  Say. — Only  collected  at  Minneapolis,  where  it 
has  so  far  been  found  to  be  rather  rare.  This  species  and 
the  next  are  very  pretty  delicate  sbells;  sometimes  they  are 
found  in  great  numbers  ou  the  under  sides  of  the  leaves  of 
large  weeds.  This  shell  varies  from  amber<colored  to  pale,  yel- 
lowisb-greeu;  sometimes  the  apex  has  a  slight  tinge  of  red, 
but  no  specimens  in  the  museum  are  thus  colored.  It  is  the  lar- 
gest shell  of  this  genus  found  in  Minnesota;  the  largest  specimen 
collected  is  over  three  fourths  of  an  inch  long.     1467. 

Succinea  ovalia,  Qould. — Found  as  yet  only  in  Hennepin  county, 
not  80  rare  as  the  preceding,  but  still  not  common.  It  is  much 
more  elongated  and  delicate  than  S.  obliqua,  and  has  a  more 
beautiful  amber  color.  This  shell  is  found  on  the  borders  of 
streams  and  ponds  in  damp  shady  places.  The  largest  shell  of 
this  species  in  the  museum  is  y^  of  an  inch  long.     1468. 

AVRICTTLID.S. 

Carychium  exiguum,  Say. — The  smallest  shell  yet  found  in  the 
state;  it  measures  only  .07  in.  in  length  and  .03  in  diameter. 
This  shell  has  been  mistaken  many  times  for  a  shell  belonging 
t<f  tbe  genns  Pupa,  but  tbe  animal  is  very  different.  It  is  found 
in  damp  places  nnder  logs,  chips,  etc.  It  has  been  collected  only 
on  the  University  campus,  where,  after  more  than  three  hours 
patient  and  diligent  search,  less  than  s  dozen  specimens  were 
found.  The  shell  is  white  and  very  thin,  and  there  is  a  small 
tooth  ou  the  body-wall  of  the  aperture.  No  other  species  of  this 
family  is  found  far  away  from  the  sea  coast,     1568. 
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Limtuea  atagnalis,  Linnffius. — Found  at  Minneapolis;  lake  Min- 
newaska,  Pope  county;  White  Bear  lake;  lake  Bertram,  Wright 
count;;  Minnesota  river  at  Granite  Falls  and  Ft.  Snelling;  and 
in  the  vicinity  of  Rainy  river.  This  is  one  of  the  shells  that  is 
found  in  the  northern  parts  of  both  Europe  and  America.  It  in 
rather  fragile  for  so  large  a  shell;  some  iadividuaU  found  at 
Minneapolis  ara  two  inches  long  This  shell  is  a  common  species 
and,  where  it  occurs,  is  generally  found  in  large  numbers.  The 
animal  is  nearly  black  and  can  be  easily  pulled  out  of  the  shell. 
1427,  1431,  1446,  1450,  1507,  1550. 

Bulimnea  megasoma.  Say. — A  fine  shell  and  rather  heavy,  with 
cbestnut-brown  within  the  aperture  and  sometimes  having  green 
stripes  on  the  larger  whorls.  Two  specimens  from  Enife  lake, 
on  the  northern  ntate  boundary,  are  in  the  museum. 

Limnophysa  reflexa.  Say. — Found  in  the  lakes  about  Minne* 
apolis;  also  at  White  Bear  lake  and  Lake  City.  This  shell  is 
very  long  and  Blim,  sometimes  measuring  1^^  inches  in  length 
and  jV  i>i  diameter.     1444,  1455,  1456. 

Limnophysa  caperata,  Say. — Abundant  in  the  vicinity  of  Min- 
neapolis, but  no  specimens  have  been  received  from  other  parts 
of  the  state.  Running  around  the  shell  are  numerous  fine  line» 
which  can  be  seen  with  the  aid  of  a  pocket  lens.     15B1. 

Lymnt^hysa  palustris,  Muller. — Found  in  Lake  Miunetonka. 
This  is  another  form  that  is  common  to  both  Europe  and  Amer- 
ica. It  is  very  variable  and  has  a  large  synomony.  The  shells 
found  in  lake  Minnetonka  correspond  to  L.  elodes.  Say. 

Physagyrina,  Say. — Minaeapolis;  Rum  river,  Anoka;  Missis- 
sippi river  at  Anoka  and  Ft.  Saelling.  Very  common  and  in 
some  places  abundant,— Specimens  vary  from  dark-brown  to  ligbt- 
brown.    1453,  1676,  1677,  1578. 

Phyaa  keleroBtropha,  Say. — Cedar  lake,  Minneapolis;  Minne- 
haha creek;  Mississippi  river  at  Anoka  and  Ft.  Snelling.  Thit 
is  much  prettier  and  more  abundant  than  the  preceding  species. 
The  specimens  collected  are  rather  small.     1457, 1463, 1522,  1539. 

Salinus  kypnorum,  Linneeos. — Common  in  one  pond  near  Min- 
neapolis,  but  has  not  been  found  elsewhere.  This  is  a  fragile, 
shining,  dark-brown  shell.     The  animal  is  black.     This  species 
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is  found  in  Europe  and  America.  Tbe  largest  specimens  are  i 
inch  long  and  -ff  inch  in  diameter.     1465. 

Planorbella  campanulata,  Sa;. — Lake  Minnetonka;  White 
Bear  lake;  Minneapolis;  Wright  county.  A  very  common  shelly 
abundant  in  some  places.  Some  specimens  from  Wright  connty 
are  nearly  i  of  an  inch  in  diameter.  1429, 1447. 1462, 1464, 1489, 
1552,  1574,  1592. 

Heliaoma  biearinatiis,  Say. — Minneapolis;  lake  Minnewaska, 
Pope  county;  Wright  county.  Commoii  but  not  so  much  ao  as 
tbe  preceding  species.  One  specimen  is  over  i  of  an  inch  in  di- 
ameter;  but  this  shell  does  not  usually  grow  to  be  so  large. 
1428,  1453,  1553,  1691. 

Helisoma  trivolvis,  Say. — Minnesota  river  at  Qranite  Falls  and 
Ft.  Snelling;  Minneapolis;  Whit<i  Bear  lake ;  along  the  northern 
boundary.  Very  common.  The  specimens  found  in  one  pond 
near  Minneapolis  are  extremely  black;  large  shells  from  Ramsey 
connty  are  over  an  inch  in  diameter.  This  Hpecies  varies  greatly 
in  SIM.     1448,  1451, 1549,  1654,  1570,  1571,  1572,  1573. 

Oyraulus  deflectus.  Say. — Very  common  in  the  Ukes  about 
Minneapolis;  also  found  in  lake  Bertram,  Wright  county.  This 
is  a  small  flat  species  with  the  aperture  bent  down  below  the 
centre  of  the  shell — whence  the  name.  The  largest  specimens 
are  ,V  i^ch  in  diameter,  snd  abont  ,V  inch  high.    1576, 1562. 

VALVATID.^:. 

Valvata  tricarinata,  Say. — Very  common  in  the  lakes  of  Wright 
and  Hennepin  counties.  This  shell  is  easily  distinguished  by  its 
three  raised  revolving  lines,  one  on  the  upper  edge  of  the  whorl, 
one  on  the  lower,  one  on  the  base.  The  largest  specimen  in  the 
mnsenni  is  from  Baff'alo  lake,  Wright  county,  and  is  nearly  a 
quarter  of  an  inch  in  diameter.  This  species  and  the  preceding 
are  found  clinging  to  the  plants  in  the  shallow  water  of  ourlakes. 
1460,  1555,  1593. 

VIVIPARID^. 

Vwipara  intertexta,  Say. — This  shell  seems  to  be  very  common 
in  White  Bear  lake,  but  has  not  been  found  elsewhere.  It  is  the 
only  species  of  this  genus  found  as  yet  in  Minnesota.     1445. 

Melantho  decisa.  Say. — Binney  gives  both  M.  subsolida,  Anth. 
and  rufa,  Hald.  as  synonyms  of  this  species;  the  latter  has  been 
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foand  common  in  the  Ram  river,  Anoka  county,  the  former  is 
common  in  thd  Minneaota  river  at  Ft.  Snelling,  and  abandant  in 
the  Misaissippi  river  at  Minneapolis.  The  largest  apecimens  are 
abont  1^  inches  high  and  i  in  diameter. 

Lioplax  subcarinata,Saj> — Rather  common  in  the  Minnesota 
river  at  Ft.  Snelling  and  found  associated  with  the  preceding 
species.  No  large  individaals  were  found.  The  specimens  vary 
^om  sharply  carinated  ones  to  those  with  no  appreciable  carins. 
1486.  , 

bissoidje:. 

Bythinella  obtusa.  Lea. — Common  in  the  Minnesota  river  at  Ft. 
Snelling,  but  not  found  elsewhere.  This  and  the  three  following 
species  are  fonnd  in  the  mud  on  the  banks  of  rivers;  they  can  be 
collected  by  getting  a  sieve  full  of  the  mud  and  then  washing  it 
out  with  water;  sometimes  quite  a  quantity  of  shells  will  be  left 
in  the  sieve.    This  species  is  about  .14  inch  long.    1635. 

Somatogyrus  aubglobosus,  Say. — Abundant  in  the  Minnesota 
river  at  Ft.  Snelling.  No  specimens  from  any  other  locality  are 
in  the  museum.  The  shell  is  rather  thin  and  when  cleaned  is  of 
a  light  faom-color,  sometimes  with  a  reddish  tinge  on  the  apex. 
The  largest  specimens  are  .23  inch  high  and  .19  in  diameter. 
1471. 

Amnicoia  cineinnatensis,  Anthony. — Common  in  the  Minnesota 
river  at  Ft.  Snelling  and  the  Ram  river,  Anoka  County.  This 
species  is  thicker  and  larger  than  the  following.  One  specimen 
from  the  Rum  River  is  a  quarter  of  an  inch  long.     1584,  1585. 

Amnicda  porata,  Say, — Common  in  the  Minnesota  river  at  Ft. 
Snelling,  and  in  the  lakes  near  Minneapolis.  This  shell  is  quite 
thin  and  nearly  transparent.     1586,  1587. 

STREPOHATII).;^. 

Pleurocera  subulare,  Lea.— This  is  the  only  species  of  this  fam- 
ily yet  found  by  the  survey  in  Minnesota.  It  is  very  common  in 
the  Minnesota  river  at  Ft  Snelling,  and  in  the  Mississippi  and 
Rum  rivers,  Anoka  county.  Specimens  from  the  Minnesota  riv- 
er are  smaller  than  the  others  and  the  shell  is  not  so  thick;  those 
found  in  the  Rum  river  are  very  large,  old,  and  much  eroded; 
aeveral-are  over  i  inch  long.    1531,  1532,  1583. 
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ARCH^OLOOICAIi  SPECIMENS    BEOISTEBED  IN 
THE  GENERAL  MUSEUM  IN  1»»S. 

131.  Stone  implement  found  in  dig^ng  the  foundation  of 
Hanover  College,  Jefferson  county,  Ind.,  on  the  Ohio  riyer 
bluff.  By  purchase  at  the  New  Orleans  induBtrial  and  cotton 
centennial  exposition,  from — Powers,  1S85. 

132.  Stone, implement  from  southern  Indiana,  near  the  Ohio 
river.     By  purchase  from  Powers,  1885. 

133.  Stone  implement  from  southern  Indiana,  near  the  Ohio 
rive)-.     By  purchase  from  Powers,  lti85. 

134.  Stone  implement  from  southern  Indiana,  near  the  Ohio 
river  bloff.    By  purchase  from  Powers,  1885. 

135.  Stone  implement  from  Austin,  Scott  county,  Ind.  By 
purchase  from  Powers,  1885. 

136.  Stone  implement  from  southern  Indiana,  near  the  Ohio 
river.     By  purchase  from  Powers,  1885. 

137.  Stone  implement  from  southern  Indiana,  near  the  Ohio 
river.     By  purchase  from  Powers,  1885. 

188.  Stone  implement  from  southern  Indiana,  near  the  Ohio 
river.  By  purchase  from  Powers,  1885. 

189.  Stone  implement  from  southern  Indiana,  near  th$  Ohio 
river.  By  purchase  from  Powers,  1885. 

140.  Stone  implement  from  Ghickamaoga  creek,  near  the 
battle  ground,  Tenn.    By  purchase  from  Powers,  1885. 

141.  Stone  pestle  from  southern  Indiana,  near  the  Ohio  river. 
By  purchase  from  Powers,  1885. 

142.  Stone  pestle  from  soothem  Indiana,  near  the  Ohio  river. 
By  purchase  from  Powers,  1885. 

143.  Stone  pestle  from  southern  Indiana,  near  the  Ohio  river. 
By  purchase  from  Powers,  1885. 

144.  Stone  implement  from  southern  Indiana,  near  the  Ohio 
river.     By  purchase  from  Powers,  1886, 
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146.  FoDr  stone  axes  from  soathem  Indiana,  near  fh^  Ohio 
river."    By  purchase  from  Poweta,  1885. 

146.  Two  stone  disks  dug  ^om  a  moaad  in  Charleston,  Mo. 
Found  with  a  skeleton.     By  purchase  from  Powers,  1885. 

147.  Chert  implement  dng  from  a  moand  at  Charleston,  Mo. 
By  purchase  horn  Powers,  1885. 

118.  Chert  spear-head  from  Charleston,  Mo.  By  purchase 
from  Powers  in  1885. 

149.  Stone  disk  from  top  of  Lookout  mountain,  AU.  By 
purchase  from  Powers,  1886. 

160.  Stone  disk  from  southern  Indiana,  near  the  Ohio  rirer. 
By  purchase  from  Powers,  1885. 

151.  Stone  implements  (three)  from  Doty's  mill  on  Big  creek, 
Jennings  tp.,  Scott  county,  Ind.  By  purchase  from  Powers, 
1886. 

162.  Chert  spear-head.  Near  Lexington,  Scott  county,  Ind. 
By  purchase  from  Powers,  1885. 

153.  Large  chert  hoe.  Mississippi  river,  Ballard  county,  Ky. 
By  purchase  from  Powers,  1885. 

164.  Fourteen  chert  implements  out  of  a  nest  of  2S  pieces, 
all  standing  edgewise,  plowed  up  ou  the  farm  of  Hon.  Wm.  H. 
English,  Lexington,  Scott  county,  Ind.  By  purchase  from 
Powers,  1885. 

166.  Three  scrapers  from  southern  Indiana,  near  the  Ohio 
river.     By  purchase  from  Powers,  1886. 

166.  Three  chert  scrapers  from  southern  Indiana,  near  the 
Ohio  river.    By  purchase  from  Powers,  18S5. 

157.  Two  chert  knives  from  southern  Indiana,  near  the  Ohio 
river.    By  purchase  from  Powers,  1886. 

158.  Fifteen  chert  arrow-heads  from  southern  Indiana,  near 
the  Ohio  river.     By  purchase  from  Powers,  1885. 

159.  Fourteen  chert  arrow-heads  from  southern  Indiana,  near 
the  Ohio  river.    By  purchase  from  Powers,  3886. 

160.  Fifteen  chert  arrow-heads  from  southern  Indiana,  near 
the  Ohio  river.'    By  purchase  from  Powers,  1886. 

161.  Ten  ehert  arrow-heads  from  southern  Indiana,  near  the 
Ohio  river.    By  purchase  from  Powers,  1885. 

162.  Eight  chert  arrow-heads  from  southern  Indiana,  near 
the  Ohio  river.    By  purchase  from  Powers,  1886. 
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163.  Eight  rODgh  chert  implements  from  Bouthero  Indiana, 
near  the  Ohio  river.     By  purchase  from  Powers,  1885. 

164.  Twelve  chert  arrow-heads  from  southern  Indiana,  near 
the  Ohio  river.     By  porchase  from  Powers,  1885. 

165.  Two  chert  knives  from  sonthern  Indiana,  near  the  Ohio 
rer.  By  purchase  from  Powers,  1885. 

166.  One  chert  knife  from  southern  Indiana,  near  the  Ohio 
rer.  By  purchase  from  Powers,  1685. 

lt!7.  One  chert  knife  from  southern  Indiana,  near  the  Ohio 

rer.  By  purchase  from  Powers,  1885. 

168.  Five  chert  knives  from  southern  Indiana,  near  the  Ohio 
rer.  By  purchase  Jrom  Powers,  1885. 

169.  Chert  implement  from  sonthern  Indiana,  near  the  Ohio 
rer.  By  purchase  from  Powers,  1885. 

170.  Eight  chert  chisels  from  southern  Indiana,  near  the  Ohio 
river.     By  purchase  from  Powers,  1885. 

171.  Eight  chert  drills  from  sonthern  Indiana,  near  the  Ohio 
river.     By  purchase  from  Powers,  1885. 

172.  Fourteen  chert  arrow-heads  from  southern  Indiana,  near 
the  Ohio  river.     By  purchase  from  Powers,  1885. 

173.  Eleven  chert  knives  from  southern  Indiana,  near  the 
Ohio  river.     By  purchase  from  Powers,  1885, 

174.  Eight  chert  arrow-heads  from  southern  Indiana,  near 
the  Ohio  river.     By  purchase  from  Powers,  1885. 

175.  Four  chert  knives  from  southern  Indiana,  near  the  Ohio 
river.    By  purchase  from  Powers,  1885. 

176.  Nine  cheri  arrow-heads  from  southern  Indiana,  near  the 
Ohio  river.     By  purchase  from  Powers,  1885. 

177.  Eleven  chert  knives  from  southern  Indiana,  near  the 
Ohio  river.     By  purchase  from  Powers,  1885. 

178.  Two  chert  implements  from  sonthern  Indiana,  near  the 
Ohio  river.     By  purchase  from  Powers,  1885. 

179.  Eight  chert  implements   from   southern   Indiana,  near 
the  Ohio  river.     By  purchase  from  Powers,  1885. 

180.  Catlinite  goblet.    Pipestone  City,  Minn.    By  purchase, 
1885. 

181.  Catlinite  goblet,     Pipestone  City,  Minn,     By  purchase, 
1885. 
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182.  Gatliuite  paper-weight.  PipeBtone  City,  Minn.  B7  par- 
chase,  1885. 

18S.  Gatlinite  pipe,  with  Bpear-bead  bowl  and  wooden  stem. 
Pipestone  Git;,  Minn.     By  parchase,  188S. 

184.  Catlinite  pipe,  with  "dog's-head  bowl"  and  wooden 
stem.     Pipestone  Gity,  Minn.     By  purchase,  1885. 

185.  Catlinite  pipe,  with  "hone-head"  bowl  and  wooden 
stem,     Pipestone  City,  Minn.     By  purchase,  1865. 

186.  Gatlinite  pipe,  with  tomahawk  bowl  and  stone  stem. 
Pipestone  City,  Minn.    By  parchase,  1885. 

187.  Gatlinite  pipe,  with  hand  holding  the  bowl  and  wooden 
stem.    Pipestone  City,  Minn.    By  parchase,  I886. 

188.  Catlinite  pipe,  with  tomahawk  head,  Pipestone  City, 
Minn.    By  parchase,  1886. 

189.  Gatlinite  pipe.  Pipestone  City,  Minn.  By  purchase, 
1885. 

190.  Gatlinite  pipe,  irith  tomahawk  bowl  and  stone  handle, 
(all  one  piece.)    Pipestone  City,  Minn.     By  purchase,  1885. 

191.  Old  pipe,  plowed  up  at  St,  Paal,  Minn. 

192.  Fragments  (three)  of  Indian  pottery.  From  mounds  at 
the  month  of  Gannon  rirer,  on  land  of  C.  Spates,  sec.  33, 
Bumside,  Goodhue  county,  Minn.    Collected  by  N.  H.  Winchell. 

193.  Fragments  (seven)  of  skulls  from  mounds  at  the  mouth 
of  Cannon  river,  on  land  of  G.  Spates,  sec.  33,  Bamside,  Good- 
hae  county,  Minn.     Collected  by  TH.  H.  Winchell. 

194.  Implements  of  bone  from  moands  at  the  mouth  of 
Cannon  river,  on  land  of  G.  Spates,  sec.  22,  Burnside,  Goodhue 
county,  Minn.    Collected  by  N.  H.  Winchell. 

195.  Implements  of  bone  from  mounds  at  the  mouth  of  Can- 
non river,  on  land  of  C.  Spates,  sec.  33,  Burneide,  Goodhue 
county,  Minn.    Collected  by  N.  H.  Winchell. 

196.  One  knife,  highly  finished,  of  granular  quartzyte,  9 
inches  long  bySi,  from  moands  at  the  mouth  of  Cannon  river, 
on  land  of  C.  Spates,  sec.  22,  Bumside,  Goodhue  county,  Minn. 
Collected  by  N.  H.  Winchell. 

197.  Stone  implement  from  monads  at  the  mouth  of  Cannon 
river,  on  land  of  C.  Spates,  sec.  33,  Bumside,  Goodhue  county, 
Minn,     Collected  by  N.  H.  Winchell. 

198.  Unfinished  atone  pipe  from  mounds  at  the  mouth  of 
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Cannon  riTer,  on  laud  of  G.  Spates,  sec,  23,  Bnmaide,  Goodhue 
county,  Minn.    Collected  by  N.  H.  Winchell. 

Besides  the  foregoing,  the  collections  of  Dr.  H.  E.  Twitcbell 
have  been  deposited  in  the  musenin,  to  remain  at  least  foar  years. 
These  will  finally  be  presented  to  the  mnseum  by  Dr.  Twitchell, 
according  to  his  present  design.  They  comprise  seTeral  hundred 
specimens,  characteristic  of  the  monnd-builders  of  Indiana  and 
Ohio. 
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PREFACE. 


This  bibliography,  which  ia  the  result  of  five  years  of  research, 
is  based  largely  od  facilities  afforded  by  the  libraries  of  the  Amer- 
ican Museum  of  Natural  History  and  of  the  New  York  Academy 
of  Sciences, — facilities  which  are  not  enjoyed  by  many  scientific 
students.  At  the  beginning  I  had  no  idea  of  presenting  this 
work  to  the  scientific  world.  When  I  began  the  study  of  the 
foraminifera  I  had  no  knowledge  whatever  of  that  which  had 
been  done  in  this  branch  of  science.  After  I  commenced  look- 
ing up  the  subject  the  references  accumulated  so  rapidly  that  I 
thongfat  it  might  be  well  to  collect  and  put  them  in  shape  so  that 
they  might  be  nsefnl  to  others  aa  well  as  to  myself. 

After  three  years'  labor  I  applied  to  Mr.  H.  B.  Brady,  F.  R.  S., 
for  information  pertaining  to  the  subject.  He  at  once  informed 
me  that  be  had  in  press  a  bibliography  of  the  same  character, 
and  kindly  offered  to  give  me  any  assistance  he  could. 

When  the  British  Assodiation  for  the  Advancement  of  Science 
met  at  Montreal,  in  1884,  I  met  in  New  York  Mr.  James  Thorn- 
SOD,  F.  Q.  S.,  a  member  from  Scotland,  to  whom  I  spoke  of  my 
work,  asking  bia  advice  about  proceeding  with  it.  He  urged  me 
to  continue,  and  to  finish  it,  as  it  would  become  accessible  to  a 
great  number  of  workers  who  could  not  possess  the  valuable 
monograph  of  Mr.  H.  B.  Brady. 

I  do  not  presume  that  this  list  is  complete ;  since  titles  are 
liable  to  be  found  in  obscure  publications  that  have  not  fallen 
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under  my  notice.  Some  of  those  that  are  here  listed  may  at  first 
appear  not  to  pertain  to  the  subject,  but  many  of  the  dlscassions, 
criticisms,  notes,  etc.,  to  which  reference  has  been  made,  although 
some  of  them  are  in  general  works  on  microscopy,  are  of  much 
interest  and  Talue  to  the  student,  and  will  be  Found  useful  to 
those  who  have  not  access  to  large  libraries. 
The  list  is  divided  under  the  following  heads : 
(1)— Eozoon.  (2) — North  and  South  America,  Bermuda,  Lee- 
ward and  Windward  Islands.  (3) — England,  Ireland,  Scotland 
and  Wales.  (4)— France  and  Italy,  (5) — Austro-Hungary,  Bel- 
gium, Denmark,  Finland,  Germany,  Holland,  Netherlands,  Nor- 
way, Sweden,  Switzerland.  (6)— Russia  and  Turkey.  (7) — 
Africa  and  Asia.  The  authors  names  are  then  arranged  alpha- 
betically and  their  works  according  to  the  date  of  publication. 

I  mast  ask  those  who  may  notice  omissions  or  detect  errors,  to 
kindly  inform  me  of  the  same  so  that  I  may  be  able  to  make  cor- 
rections in  a  completed  supplement. 

I  am  under  great  obligations,  and  return  my  sincere  thanks  to 
the  following  gentlemen  who  have  rendered  me  invaluable  assist- 
ance in  sending  manuscript  lists  of  their  papers. 

Rev.  P.  B.  Brodie,  M.  A.,  F.  Q.  S.,  R.  V.,  Warwich,  England; 
Dr.  R.  Haensler,  Sussex,  England;  Prof.  W.  C.  Williamson, 
Manchester,  England;  H.  J.  Carter,  F.R.  S.,  Budleigh,  Salterton 
Devon,  England;  Joseph  Wright,  F.  G.  S.,  Belfast,  Ireland;  Sir 
J.  W.  Dawson,  Montreal,  Canada;  R.  J.  Lachmere  Guppy,  F.  L. 
S.,  F.  G.  S.,  Trinidad;  M.  0.  Terquem,  Paris,  France;  Dr,  A. 
Schneider,  Breslau;  Prof.  Dr.  H.  B.  Geinitz,  Dresden,  Ger- 
many; Prof.  Dr.  Leopold  Auerbach,  Breslau,  Germany;  Prof. 
Hertwig,  Bonn,  Germany;  Prof.  Dr.  Carl  W.  Gumbel,  Munich, 
Germany;  Prof.  Dr.  Haeckel,  Jena,  Germany;  Prof.  Dr.  Vale- 
rian Moeller,  St.  Petersburg,  Russia. 

It  ia  hoped  that  this  bibliography  will  be  of  some  service  to  the 
student.  The  writer  will  then  feel  that  his  years  of  tedious  and 
constant  labor  have  been  well  repaid. 

Anthony  Woodwabd. 
New  York,  March  1,  1886. 
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Nat.  But.,  aer.  4,  vol.  xiii,  pp.  277-284  with  2  enKravluga.    1874. 

a  rscapltolallon  of  i\u  pnndpil  ficts  in  mpparl  of  the  belief  that  Eoxoott  tanademt 
luFonmiMSn-.    (White'*  Bib.  p.  BT.) 

Cabpenthr,  W.  B.  RemarliB  on  Eoeood  canadenae.  <JAifure,  vol.  ix,  p. 
481.    1B74.    (Abstract.) 

Hla  leplf  to  Ur.  Carter'i  Isllar  to  Prof.  King  on  the  iliaclaTe  of  Iba  ao-ulled  Ewom 


Cabfekter,  W.  B.    Plirther  Reaearches  on  Eozoon  canadenae.     <^2faiurt, 

vol.  X,  p.  390.     1874. 
Cabfemtbr,  W.  B.    On  the  Heplscement  of  Organic  Matter  by  Siliceous 

Deponts  In  the  process  of  FoasUization.    <.lfatitre,  vol.  x,  p.  4.12.    18T4. 

(Abstract,  t 
Cabpehter,  W.  B.    Further  Researches  on  Eozoon  canadense.    <,Btp.  Brit. 

Atioe.  for  ISlt,  Section,  pp.  }as,  137.     187S. 
Carpenter,  W.  B.    New  Lanrentian  Foasll.    -Clfaiure,  vol.  xiv,  pp.  8,  9. 

1876. 
Garpenteb,  W.  B.    Buppoaed  New  Laurentian  Foeeil.    <Jfa<ur«,  vol.  siv, 

p.  68.    1876. 
Caepehtbr,  W.  B.    Note  on  Otto  Hahn'a  Hicrtigeologlcal  Investigation  of 

Eozoon  canadenae.    <.Ann.,  and  Mag.  2fat.  MM.,  ser.  4,  vol.  zvil,  pp. 

417-422.     1876.     ' 
Carfbhtbr,  W.  B.    The  Bozoon  canadense.    -Clfatwt,  vol.  ix,  pp.  S28-S30. 

1878. 
Cahfbhteb,  W.  B.    Eozoon  canadenae.    <iTht  Mkiro$eop»  and  Ut  Bntlati^ni, 

Sixth  Edition,  pp.  a87-S92.    1881. 
Carfehtbb,  W.  B.,  and  J.  W.  Diwaon.    The  Eozoon  canadenae.    <^lfaittr», 

vol.  XI,  p.  328.    187S, 
Carter,  H.  J.    Un  the  structure  called  Eozoon  canadense,  in  the  Laurentian 

Rocka  cf  Canada.     <iAnn.,  and  Mag.  tfat.  ffiU  ,  ser.  4,  vol.  xiii,  pp.  189- 

193.    1874. 

Olvee  reuoDi  lor  balleilng  tbitt  Siuook  Isnol  of  orginlcorltfn.    (NlcbolMn  In  White 
ud  Mlcbolmi'a  Bib.  p.  BS ) 
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Cabtsb,  H.  J.  On  (he  structure  atUed  Eozoon  canadenae  in  the  Lfiurentian 
LimestoDos  ot  CanuU.  <^»n.,  and  Mag.  NaL  HUl ,  ser.  4,  vol.  xiii,  pp. 
373^78,  with  IcDgnviDg.  IBT4. 
Cahtbb,  H.^J.  Relation  of  Ibe  UaDsI-sjHtera  to  the  Tiibiiktiou  in  tlie 
foreminifero,  with  reference  to  Dr.  Dawson's  ''Dawn  of  Life."  <^Aan., 
and  Mag.  Nat.  Bitt.,  ser.  4,  vol.  stI,  pp.  42(H424.     1ST4. 

DtfCDUM  (ba  minDU  Btruclnre  ot  Ihe  temt  ot  lecent  Ibramiaiftra,  at  b<Mt\ag  on  [be 
nitare  of  Eotoon  omadtnH.    (NlcholHin  in  While  snd  NlcboisoD'a  Btb.  p.  83  ) 

Gaktsb,  H.  J.    £o200a  canadense  not  a  Fonuninlfer  or  calcareous  lihizopod 

secretion.     <^AiMr.  Aum.«S»„  vol.  vU,  3d  ser.,  pp.  43T,  438.    1874. 
Cbkddbb,  H.     Die  Oliederung  der  eozolschen  (vorsilurischen)  h'ormittions- 
gruppe  Nord-Amerlkas.     <ZBtf.  Ottam.  SiUurwiMeiuehaflen,  32,  pp  353- 
40G.     1868. 
Daka,  J  D.    On  the  History  of  Eozoon  canadense.    <Jin.  Journ.  Sei,,  vol. 
zi,  2d  ser.,  pp.  344-362,  wood  cuts  and  1  plate.    ISSIf. 

Tbl>  uttcle  ftppeua  la  lbs  JoaniAl  vllhoat  s  nun*;  >.  a.  edilorlaljy.  Tbis  bielotjr 
•mbracea  a'  full  dlKoaalon  ot  tbe  anbject,  and  incladoe  a  complete  deTCripiloa  ind 
IJIasti'atloDDltbsilracIiITaaf  the  ronLl,  and  tbe  chemical  compoaiUon  of  ■pecimeDB. 
(White  In  Wbite  and  NlcbolaoD'a  Bib.  p.  3!. 

Daha,  J.  D.    Uannal  of  Qeology.    Second  edition,  pp,  1S8,  IGS.    1873. 
D'AucHiAC.    Note  sur  I'ezistence  des  resits  organiques  dans  les  Roches 

X^urentiennes  du  Canada.    <Cb)nptei  B«ndui,  vol.  iiii,  pp.   ]S2-1S4. 

I66S. 

Arebiac  on  the  part  of  Dr.  W.  B.  Ca/penler  ai  U>  (he  die- 
,    (Nlcbolaan  in  Wblte  and  Micholaou'eBlb.  p.  90  ) 

Dawsoh,  J.  W.  On  tbe  Structure  of  certain  Organic  Remans  in  the  Lauren- 
tian  Limestones  of  Canada.  <Qi(tir(.  Jtrnm.  Gtol.  Sec.  Land.,  vol  xxi,' 
pp.  61-59,  pis.  vi,  vii.    1865- 

ThoaalborglTeiiadaUlleddeKrlptlon  of  the  irtmctani  of  tbe  bodlea  dcecrlbtd  l>f 
Sir.  William  Logan  ai  being  organic  and  aa  oecnrTlng  In  the  Lower  tanreoUon  Llme- 
atonaa.  (Qnait  Jonm.  Geol.  Soc  ,  vol.  iii.  p.  1G.1  Tbe  generic  name  ot  Bozoon  In 
propoaad  for  tbeae,  and  IheslbKle  form  dcicilbed  it  dlecbned  under  the  name  of  Euiu:m 
goKcidMua-  The  aalhor  tsrlber  coccladei  that  Eoumn  It  probably  to  be  regarded  ae  an 
•nelant  ^pa  of  the  Foranuaifm.    (Slcholaon  Id  White  and  Nlcbolson'a  Bib.  p  98.) 

Dawboh,  J.  W.,  and  W.  B.  Carfehtbr.  Notes  on  Fosdls  recentij  obtained 
from  the  Laurentlan  Rocks  of  Canada,  and  on  ob^ctiona  to  the  Organic 
nature  of  Eozoon,  <^^vtari.  Jowrn.  0«ol.  Soo.  LoTui.,  vol.  ixiii,  pp.  2£7- 
S6S,  S  pbttes.  .1886. 

Dawboh,  J.  W.  Notes  od  fossils  recently  obtained  from  the  Laurentlan 
Bocks  of  Canada,  and  objections  to  the  Organic  nature  of  Eoxoon. 
•CAnur.  Journ.  &i.,  vol.  xllv,  2d  ser.,  pp.  367-376.    1867. 

The  article  alao  conlaiua  noles  bj  W.  B.  Carpeutari  and  "Summary"  and  "concln' 
■Ion"  of  King  and  Rowner,  on  the  aame  anbjecti  the  lilUr  gentlemen  oppoalng,  and 
the  former  advocating,  the  organic  origin  of  BotooD.  O^blle  In  Wblte  abd  Nicboinn'a 
Bib.  p.  21.) 
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Dawsoh,  J.  W.  Oa  certain  Organic  remains  in  the  Laurenliui  Umeatone  of 
Canada.  <Paiuxd.  Nat.,  new  aer.,  vol.  11,  pp.  99-111, 127, 128.  3  wood 
cute,    1866. 

A  raprtnt  from  the  ^iiart.  Jotim.  Geol.  Soc-  Lomi.,  I8W,  witb  Boma  oddfBoiuU  notte. 
A  Bbott  tppeDJti  to  me  paper  Collooa  at  pp.  IST,  MB.  (Nichalaan  In  Whtte  and  Xlcbol- 
aOB-a  Bib.  p.  n.) 

Dawsos,  J.  W.  Notes  on  fossils  recently  obtained  from  the  Laurentian 
Kocka  of  Canada,  and  on  objections  to  the  Organic  nature  of  Eoioon, 
with  notes  by  W.  B.  Carpenter,  M.  D,,  P.  R.  8.  -CQuart  J<mm.  0«ol. 
Soe.  Land  ,  vol.  zziii,  pp.  2S7-26fi,  pis.  li,  xil.    1SS7. 

la  Iha  lint  part  of  Ihli  memoir,  Dr.  DinaoD  gliM  an  accoont  of  the  genenl  appear- 
ance and  mJcrHcopic  nrDClnre  of  a  gpscimeD  of  Bovnn  mtadciw,  fOQnd 
LanrsDtian  rocka  alTador,  In  wbUb  tbechambanof  Itae  skeleton  are  Blled  with 
colored  coarae  Umeitaae.    The  author  next  daali  with  certain  Fpeclmeaa  Ihm 
Lake  and  Wentwortb,  and  alao  from  Hadoc,  and  conclndea  b;  relieving  the  ohjectloni 
brODgkl  larirard  bf  Profeaiore  King  aod  Bowne;  to  the  organic  Datura  of  KoEOon.   II 
W.  B.  Carpenter  adds  a  note  od  the  appearancaa  preoentad  bj  thin  ellcea  of  ■peclma: 
of  JSuoon  In  which  Itae  caDal-sjatembu  been  IntlDatedwllhtraDipannt  carbonate 
lime.    (Nicholson  In  White  and  Nlcbolaon'a  Bib.  p.  SI.) 

Dawbok,  B.  W.,  and  W.  B.  Carpenter.  Notes  on  Fossils  recently  obtained 
from  the  LaurenUan  Rocks  of  Canada,  and  objections  to  the  organic  na- 
ture of  Eozoon.  <^Amer.  Jimrn.  Sei.,  vol.  sHv,  2d  ser.,  pp.  387-S76. 
1867. 

Dawson,  J.  W.,  and  W.  B.  Carfhhtbb.  On  new  spedmeni  of  Ebzoon  can- 
adenae,  with  a  reply  to  the  objections  of  Professorv  King  and  Rowney. 
<.4tMr.  Jt/urn.  Sd  ,  rol.  ilvi,  2d  ser.,  pp.  24Q-Z6S,  3  plates.    1868. 

Dawson,  J.  W.  On  new  specimens  of  Eozoon  canadense,  with  a  reply  to 
ProfesBora  King  and  Kowney;  with  notes  by  W.  B.  Carpenter.  <jlm«r. 
Jotim.  Set,  vol.  xM,  2d  ser.,  pp.  246-257,  2  plates.    1868. 

The  aathon  adTOcata  the  organic  origin  of  Bozoon.  (NIcholaon  In  White  and 
NIcholeon'aBlb.  p.  3i.) 

Dawsok,  J.  W.    Remarks  on  Bozoon  canadense.    <^Natitrt,  vol,  z,  p.  103. 

1  wood  cut.    1874. 
Dawson,  J.  W.    Notes  on  the  occurrence  of  Eozoon  canadense,  at  Cote  8t. 

Pierre.    <,Natwe,  vol.  zli,  p.  TS.    1876.    (Abstract.) 
Dawson,  J.  W.   On  the  Eozoon  canadense.    'CNatare,  vol.  lil,  p.  387.    1871. 
Dawson,  J.  W.    The  Story  of  the  Earth  and  Han. 

(Remark!  on  Eozoon  cbaptac  II,  HI,  pp.  17-38 )  pp.  408,  800.    LondaI^  ISTS. 

Dawson,  J.  W.  The  Dawn  of  Life:  being  the  history  of  the  oldest  known 
fossil  remains,  and  their  relations  to  geological  time  an^  to  the  develop- 
ment of  the  animal  kingdom,  pp.  239,  with  8  plates  and  49  wood  cuts. 
London,  1875. 

Thia  work  daali  principally  with  the  hiatorj  of  the  A\fiaemitj  t>t  Ei 
andwllball  the  known  facta  tiearlng  on  ICa  atmclare  and  natare.  The  anthi 
glTM  a  deicrlptm  iketcb  of  the  Umrentlan  formation,  accompanied  hj  sectlonB, 
colored  map  ehowlng  Itia  dlatriballon  of  the  Lanrentlan  Llmealonee  In  the  conn 
Ollawa  and  Ai^ontanll.  Next,  ■  hiatorj  la  given  of  the  rarloaa  atapa  which  led 
dlicoverf  of  £u«oii.  and  a  iecord  of  ita  InlerprataQon  bj  Carpenter  and  the 
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Third!;,  s  chapUr  l«  demled  loa  cDntiderfttkn  of  lbs  mJout*  strDCtnte  rxhltaiiad  bjr 
Boiom;  »d  Uili  I)  compare  with  Uie~  atreclura  of  ttetui  Foramiai/tra.  The  fl»b 
cbaptar  1>  concirnad  with  ths  muiner  to  which  fiuooii  bu  bmn  pnwTved,  ud  with  ■ 
cmildgrillon  of  Ihs  procnaH  of  roslJliatlcm  bf  InBltraUini  Id  gMartI,  la  the  (lith 
chapter,  the  author  deali  with  the  aaccewon  and  conlemporvlM  at  Emom.  with 
apeclal  nferCDCO  to  AnhamplutTma,  Stromaloponx.  Umw^psra,  and  Rtttpiatnililt: 
Another  chapter  u  devotad  to  a  eoailderaUon  of  the  Tariooi  objecUoiu  which  have  baen 
urged  agaiiut  (he  organic  natnra  of  Etawmi  and  a  Inal  ehapier  treate  of  ceitaln  bp«cd- 
laliTe  coDiidaratlona  which  majr  be  drawn  from  the  (todj  or  this  foafll.  (Nlcbolaon  In 
While  and  nieholaon'a  Bib.  p.  Kt.) 

Dawbom,  J.  W.    On  Mr.  Carteir's  objections  to  Eoeood.    <Ann.,  and  Mag. 

NaL  mi ,  ser.  4,  vol,  sril,  pp.  118, 119.     1876. 
Daw eoR,  J.  W,    Motes  od  the  Pboaphates  of  tbe  LAurentian  and  Cambriaa 

Kocks  of  Caooda.    <^Quart.  Jown.  OeU.  Soe.  land..,  vol.  ixxli,  pp.  28S- 

291.     187(1. 

ConcladM  that  the  phoaphallc  material  found  In  Ihaae  rocki  In  Oanitda  1>  of  organic 
origlD,  and  hai  baen  produced  b;  the  agency  of  marina  InTertabrataa.  (Mlcholssn  in 
Wblle  and  NIcholiOD'a  Bib.  p.  9G.) 

Dawbon,  J.  W.  Notes  on  tbe  Occurrence  of  Eozoou  canadeDse  at  Cote  8t. 
Pierre^  <^QuaTt.  Joam.  Oeol.  Sx.  Lond.,  vol.  zxxii,  pp.  66-74,  plate  x, 
with  4  wood  cuts.     1876. 

The  BDtharglTa  an  account  of  the  natare  and  arrangsment  of  tbe  ittala  al  Cota  Si. 
Pierre,  with  ipaclal  lererence  to  tbe  appearance  preaentsd  by  fonwa  a<  occurring  tn 
Hia.  Nameroni  chrTMjtHe  veina  psfsthtoaEb  the  llmeatooe,  bnt  [he  anihor  conclude! 
thai  they  are  altogethar  anlxeqaent  to  tbe  fovil  In  origin.  The  cloae  reeemblincc  of 
weatbend  qwclmena  to  SlrenalsiMniig  inelated  upon;  and  two  new  forma  of  ijbzaon 
eanadtiuH  are  detcribed  ai  vor,  minor  and  var.  actnmlina.  The  llmeelooB  nmntlmee 
containB  nnmaroaa  lllUe  globoee  caeta  of  cbambeilet*,  single  or  attached  in  Rroap4,  each 
of  which  poeaeaava  Ihe  atiuctnre  of  tho  "proper  wall"  of  Eovum.  for  theaa  the  aalbor 
propoaee  Ihe  name  of  ^roheeifihenu.  (Nicholwin  in  White  and  NlCbolaon-a  Bib. 
,    PP-BB,*,) 

Dawson,  J.  W,-  On  some  new  specimetiB  of  Fossil  Pjptozoa  from  Canada. 
<Proe.  Am  Attoe.  Adv.  &t,,  vol.  xxiv.pp,' 100-106,  woodcuts,    1876. 

The  author  glTca  genarat  deacripUon  and  illoatratlon  of  Eo*am  emuilmH,  and  aleo 
J%ranuiv^*ra,  from  Cretlcsoua  rvcka.  He  adrocatee  the  organic  origin  of  EoiooH. 
(Wblle  In  White  and  Nlcbolaon-i  Bib,  p,  28,) 

Aawsov,  J,  W.  New  Facts  relating  to  EoiuMin  canadense.  <^Prce.  Am.. 
Amx).  Adv.  Set.,  vol.  »v,  pp.  231-334.    1876. 

The  roeall  nature  of  JSbuwn  amaiUnn  it  adTocaled.  (Whlteln  White  and  Nleholsoa'a 
Bib.  p.  Sj.) 
Dawsok,  J.  W.     Eozoon  canadense  according  to  Hahn.     <.ilnn,  Mag.  IfaL 
m*.,  ser.  4,  vol,  ivUf,  pp.  29-38.    1877, 

A  crlUcal  notice  or  a  memoir  by  Hahn  (ase  poat.)  In  which  the  laltar  endearore  to 
■how  tbat  Eatoon  la  a  purMf  mineral  atmeture-  (Nicholaon  tn  White  and  Nicboleon'* 
Bib.  p.  M,) 

Dawboh,  J.  W.    New  Facts  relating  to  Eoxoon  canadense.     <,Canad.  Ifal. 

new  ser.,  vol.  vlli,  pp.  282-28E.    1878. 
Dawbuh,  J.  W.    On  the  Hicroscoplc  Structure  of  Stromatoporidffi.  and  on 

FalEBOiic  Fossils  mineralized  with  Silicates,  in  illustratlan  of  Eozoof. 

<CM«rt.  Jour.  Gtol.  Soe  Loud.  vol.  xixv,  pp.  48-66.    3  plates,    1879. 
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DiwaoN,  J.  W.    Now  on  recent  Conttoversiea  respecting  Boeoou  canadense. 

•CCaa.   ffirf.,  vol.  li;  p.  228.     1879. 
Dawson,  J.  W.    MEebiuB  on  Eozoon  oanadeneo.     <CAt7i«r.  Jbur.  Ss*.,  vol.  xrii, 

p.  106,  wood  cuts.    1879. 
D\wso.v,  J  W.    Notes  on  Eozoon  caniideDse.    <I^  Om.  Bee.  of  8ei.,  toI. 

i,pp  6S,  GS.    1884. 

Ab«trnet of  ■  piparraad  before  the Britlah  AaucUllOD at SODthport,  1888. 

Dawson,  J.  W.  On  the  Geological  Relations  and' Mode  of  PreserTation  ot 
Eozoon  canadense.     <CIt»port  Brit.  Auoe.  (Soutbport,  1883),  p.  4S1.    18S4. 

Dawson,  J.  W.     Canadian  and  Scottisli  Geology.    An  Address  delivered  be- 
fore Ihe  Edinburgh  Geological  Society  at  tbe  close  of  the  Searitm,  1884. 
<7V<in«.  ^n.  Qaot.  Soe.,  vol.  v,  pp.  113, 114.    1880. 
HenuikB  on  Kazoon  cuiadcDTC. 

Edwards,  A.  M.  Microscopical  Examination  of  Two  Minerals.*  <^Proe. 
Lgemtm  Nat.  Bitt. ,  pp.  9t(-98.    1870. 

(•Soppoeed  to  be  EozooD.] 

FntTSCB,  A      Ueber  das  Vorbommen  des  Eozoon  im  nordlichen  Bofamen. 

Mum  Jtihrb.  fvr  Min. ,  etc. ,  pp.  352-354.    1866. 
Fritsgh,  a     Ueber  Bozoon  bnhemtcum  aus  dem  Kornigen  Kalke  von  Has- 

penau  in  BohnieD.    <^lAndt»AuT<Afor»ehung  ton  Bohmen,—Qeol.  Sect, 

pp.  245-251,  1  wood  cut  and  2  plates.    1869. 

Fric,  Am-oN  (Dr.)    Ueber  Eozoon  bohemicum,  Fr.,  aus  den  Kornigen  Kalk- 

Btsin  von  Raspenau  boi  Friedland  in  Bohmen.     <lOeol(igit  ion  .BsAnun 

vol.  i,  pp.  24G-25fl,  1  wood  cut,  2  plates.     1S69. 
GuHBBL,  C.  W.    Ueber  das  Vorkommen  von  Eozoon  in  dem  ostbajerisciiBn 

Lrgebirge.     <Slf(eun^sAer  if.  k.  b.  Akad.   Wiu.  MviuA.    1868,  Bd.  l,.pp. 

25-144,  3  plntes., 
GuicBEL,  C.  W.    Bozoon  im  ostbayer.    Urgebirge.    <Jfi  Jahri.  fur  JRn. 

<fc.,  1866.    I.S.l}iadJ!r.Jalui.fitrMm.,tle.     1366.    S.  210. 
QuHBBL,  C.  W.    Eozoon  im  Urkalke  von  Sachsea.    <^Jf.Jahrb.furMin.,ele. 

ISeS.     B.  679. 
QumiBiL..  On  tbe  Occurrence  of  Eozoon  in  tbe  Primarj  Hocka  of  Eastern 

Bavaria.    <6«ort.  Jourii.  0«ol.  Soe.  Z(md.,  vol.  xxU,  pp.  23,  34,    1866. 

A  review  br  H.H.J. 

.OuMBEL,  C.  W,  On  tbe  Laurentian  Rocks  of  Bavaria.  <CGand.  2fat.  new 
series,  vol.  iii,  pp.  81-101,  1  plate.  1868  Translated  from  the  pro- 
ceedings of  tbe  Royal  Bavarian  Academy  for  1886,  by  Prof.  Harkgraf. 

[•Editor's  Noia.— Id  revising  and  preparing  tbli  for  the  press,  Ihe  orlglnil  paper 
bis  hem  considerably  shrldged  h;  tbe  omlsdon  of  portloDR,  whose  place  la  Indicatod 
In  Ihe  text.    Borne  eipluulorf  notes  baTs  bIboIwihi  added,— T.  B.  E.} 

OuMnEL,  C.  W.    Eozoon  im  Kornigen  Kalke  Schwedens.    <£«mAanl  vnd 

Qdniie  runiu  Jahrbuch.    1869.    pp.  S51~S59.     1669. 
GuDBBL,  C.  W.    Ueber  die  Natur  von  Eozoon.    8  p.     Ratigbonne.    1876. 
Not  seen;  t<lle  taken  from  ■  catalogus. 
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(Jnleranchuaj;.  <  WurtUmiergUeie  waurwm.  Jahreahefle,  32  Jahr,  pp. 
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vol.  ivii,  pp.  269,  282  )    1876. 

Afler  an  eiimlniillon  of  BaipanUnana  limuIoneB  from  Ginada  lad  Bnnpe,  tbs 
■f  tbor  coDClDdea  tbal  Eozmm  eatiadenH  la  oF  organic  arlglD.  (NicholKin  In  While  and 
Nlcbolaon'a  Bib.  p.  lOt.) 

Habk,  Do.  O.  Oiflbt  eg  eln  Eozooa  caDodemef  Sine  mikrogeologiHche  Un- 
tersuchuDg.  <  Wmlt.  natuncim.  Jahreibefteu,  18TS,  24  pp.  Stuttgart, 
1878.  , 

Printed  aa  a  nparate  pampblat. 

Hahh,  (Djt.)  O.    Oiebt  es  ein  Bozoab  canftdetiBe?   Erwide  rungauf  Dr.  C.  W. 

Oumbera  und  Dr.  Carpenter's  Eatgegnung.    <_Wutit,  naturteiMt   Jahres- 

heften.    Jahrgang.    ISTS.    21  pp.  1  plate.    Stuttgart.    1678. 
Hahh,  O.,  In  Uentlingen  spracli  iiber  das  Eophfllum  canadense  aua  dem 

Berpentlnkalk  des  LaurenUangneiaBes  von  Ganadaa,     <  WTtrlUmb.  natur- 

wiu,    Jabresheften.    Jahrgang,    1680.    pp.  71-74. 
Hash,  O,     Die  Meteorite  (cbondrite)  und  ihre  Organiamen,  SB  pp.  32  plates. 

1880. 

FliM  III.,  flf.  G,  BozoOD  cuadsDW.  repnted  canal  ajalam  of  Bozoon;  Og.  S  the  aama. 
*  BothatoanlromwlilA  the  glide*  ware  taken  vsre  collected  by  ma  in  Little  Nation. 

Let  one  compare  thg  canal  aystam  ol  the  nDmmnKte  flg.  Switli  Ibja  rapatad  eanal 

ayBtem!    Flgi'  a  and  S  ahonld  b«  the  aame  thing. 

Halt,,  J.  Note  upon  tlie  Qeological  position  of  the  Serpentine  Limeatone  of 
Northern  New  York,  and  an  Inqnirjr  regarding  the relationa  of  thia  Linae- 
atone  to  Eozoon  Limeatones  of  Canada.  <.^m«7-.  Joiim.  Sei.,  vol  xtl,  3d 
ser.,  pp.  298-300,     1876. 

Abetracl  of  the  paper  read  before  the  Amer.  Aaaoclatlon  al  Bnflalo. 

HAnsK,  H.    Daa  Eosoon  canodense.    EEne  mlcro-geologlscbe  Studis,  mit  18 

photographic  platea.    Leipzig.     1S85. 
Hitchcock,  C.  H.    The  Earlier  Fonna  of  Life  (Eazoon).    16  pp.  10  flgs.    N. 

1*.  N,  D. 
HoCHnsirBB,  — .    Eozoon  In  Austria.    <Qiiarl  Joam.  fJtol.  Soe.  Lmd., 

vol.  zxii,  p.  IS.    1866. 
HoCHaTBTTBii,  R.  F.     Ueber  daa  Vorkommen  von  Eozoon  in  Er; atalliniachen 

Kaike  von  Erumman  lo  Budllchen  Bohmen.     <SUt.  d.  k.  Akad.  d.  Win,, 

vol   liii,  pp.  14-25.     1866. 
HocBVTBTTBB,  (Prof  v.]    Dr.  W.  B,  Cakpkntkr  ih  LoHtxtH.    JfinMr  Fwtd 

«m  Eozoon  canadenac.    <K.  K.  geol.  Seieh.  Ytr.  1868,  pp.  69,  70.    1S8B. 
HoirF]£Aiiii,  R.    On  the  Mineralogy  of  Eozoon  canadenae.    <^Ainer.  Joum. 

Sei  ,  vol.  i,  3d  aer.,  pp.  378.  379.     1871. 
Hunt.  T.  S.    lAurentlan  Khizopoda  of  Canada.     (Ezlract  of  a  letter  from  T. 

Bterry  Hunt,  F.  R.  S ,  to  J.  D.  Dana,  April  2,  1884.)    <Jtrwr  Jmim. 

Sa..  vol.,  xzxvil,  2d  aer,  p.  431.    18B4 
Huirr,  T.  B.    On  the  Mineralogy  of  Eozoon  canadenae, .  <^Canad.  Nat.,  n.  a. , 

vol.  U,  pp.  120-127, 1  plate.    1865. 
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Himr,  T.  S.  On  ihe  Hinenlogy  of  certftin  OrEanic  Renuius  from  the 
LnurcDtian  Rocks  of  Oftnada.     <Qwirt.  Jimm.  QvH.  Sac  Land,  vol.  ksi, 

pp.  67-71.    1865. 

Olves  1  dettJIad  accoont  accompulsd  with  anilTBis,  of  Uie  mloent  nitnre  ind 
i<ITUCIa»  of  Eotaot  CanadevH.    (NlcUolnn  In  White  mi.  NIcHoIidii'b  Bib.  p.  lOt.) 
Hu!«T,  T.  B.     Geology  and  mineralogy  of  the  LauTOntiao  Ltmestooee.    'CGeoio- 
gkal  Survey  of  Canada.     Report  of  progress  from  18S3  to  1S66,  pp.  ISl- 
333.    Ottawa,  1866. 

Thongh  eM«iillallr  mlaaraltvlcil,  tiitB  report  cootkliu  mur  laWmtliut  olwarTallona 
besHucim  tbeDitareaDdmodeof  preeerralloa  of  Ssnxm  onaiUnMm.  n'fcl"'l>°'>  '° 
WblleandlflcbolKiD'BBIb.  p.  107.)    - 

HuKT,  T.  B.  The  Geological  History  of  BerpeuUDw,  includlns  Notes  on 
pre-Cambriao  Rocks.    <Tr<iMi.  Sof-  Sm.  Canada,  vol.  i,  pp.  16G-215. 

1683. 
JoNKe,  T.  R.     Eozoon  canadense  in  this  country.     <iNai   Hut.  Bm.  Land., 

Tol.  v.,  pp.  2B7,  298.     1866. 

In  tble  commnojcittui]  to  lh«  editor  he  itites  IhM  EoEoon  unaden»  It  BbundiDt  Id 
the  Brillih  laloi.  Hr.  W.  A.  Bmifon]  hu  hanled  It  up  In  the  Green  Conncmus  mar. 
bk,  ud  bs  tito  Dndi  II  then  Id  maasM  Indicated  bj  bim.  Tbe  beat  waj  of  gvlUng  a 
rlttbt  of  the  aUitctara  duo  to  Iha  pneence  of  Poramlnlfata  li  lo  dlaaolvc  amall  flakei  of 
,  tbo  "Irlah  Qrccn"  Id  Terr  weak  dilate  add,  and  Ibm  the  Bball;  part  baing  removed,  ths 
Rreeo  all  Icitee  remain  rspreseDtiDE  the  aarcode  that  Bllat  Ihe  chamber*,  pwndopodtaD 
labnlee  and  etolon  pa^Bij^. 

JoHEB,  T.  R.  On  the  Oldest  Known  Fossil,  Eozoon  canadense.  <,Popula,T 
Sci.  Rev.,  vol.  iv.,  pp.  343,  pi.  xv.    1B65. 

UlKaima  Iba  geological  aod  aoologlcal  icUUoni  of  Eovum. 

JoNKS,  T.  R.  On  tbq  Oldest  Known  Fossil,  Eozoon  canadense  of  the  Lauren- 
tian  Rocks  of  Canada;  its  place,  structure  and  signiflcanco.  <i'iipuldr 
Sei.  Heoiew,  1S67,  pp.  343-362,  plates  zv  and  2  wood  cuts. 

A  wml-popnlar  account  of  Saoon  amadentt.  (Nlcholaon  In  Wblle  and  NIcbolBOn's 
Bib.  p.  ICW.) 

JuuKH,  A.  A.     A  study  of   "Eocoon    Canadense."     Field   obaerrations. 
<Pive.  Aiwr.  Am.  Adv.  Sei.,  vol.  zuiii,  18S4,  pp.  416,  416.     (Abstract.) 
188G. 
Kraa,  W.    Note  on  Eozoon  canadense.    K^lfaOire,  vol.  iv,  p.  86.    1871. 
Knia,  W.,  and T.  H.  Howney.    Ontheso  called  "EozoonalKock.''    <^iKirt. 
Joum.  Oeet.  See.  Land.,  vol.  sxii,  pp.  186-218,  2  plates.    1866. 

The  anlbore  deaciibe  In  thle  memoir  the  reanllaof  a  caraf  al  cbemlcat  and  micro- 
BCOplcal  eiamlnadon  of  theOienvIIle  "fbtwnuT'  Ophite,  from  wbieb  Ihef  arrlT*  at 
the  conelnalon  that  Eocoon  canadense  ieof  tml;  Inorganic  origin.  (Nicholson  In  Whita 
and  Nicholson'*  Bib.  p.  110. 

KiHO  W.andT.  H.  RowNEY.  On  the  so-called  "Eozoonal"  Hock.  -CQaart. 
JiniTB.  Qml.  Soe.  Lond.,  vol.  jcxv,  pp.  116, 117.    (Abstract.)    1868, 

The  aalbora  addncs  fnrlher  evidence  thai  their  viewa  as  lo  Ihe  mineral  nature  of 
Eozoon  arc  corrscl     (Klcbolaon  In  White  and  Klcbolson's  Bib.  p.  110.) 

EiNo,  W.,  aodT.  U.  Rowkzt.  On  Eozoon  canadense.  <iV<H:.  Ros.  In*h 
Acad.,  vol.  z,  p.  606,  2  plates  xll— zliv.    1870. 
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"EozDon  canadenBe."  <iVoc.  Boy.  Mth  Aead.,  ser.  2,  vol.  1,  pp.  140- 
1S3.    1871. 

A  npiT  to  pipen  bj  Dn.  3.  W.  DawHn  sod  T.  Sttrr;  HoDt  od  Uie  awloglMl  tni 
chamlcal  MpecW  ot  the  qowOon  iwpectlTely,  The  paper  conclndet  with  a  Tscapilalf 
tion  of  the  TRriona  polniB  detailed  In  Ihe  [ormerl;  pnbllihed  pipeCB  cl  Ibe  euthoi*. 
(NlcholBOn  Id  Vhlte  end  Nlchalnn'e  Bib.  p.  IID )     ' 

EiMO,  W.,  and  T.  H.  Rowubt.  Eozoon,  examined  princlpa1l7  from  aFoi- 
amioiferal  Btaudpoint.  -cAtm.,  and  Mag.  Jfai.  Eitt.,  bst.  4,  vol.  xiv,  pp. 
274-2B9,  plate  lix.    1S74. 

A  cODlrDTeraUl  paper,  in  which  evidence  li  biDnihl  (oimrd  lo  ihov  Ihit  Ahmm 
wnadeiHelelnoTiienlcinltenetaie.    (NJcholKm  In  WblteiDdNlcbolKin'iBlb.p.in.) 

KiHo,  W.,  and  T.  H.  RowHBT.  Bemarke  on  the  subject  of  Eozoon.  <.dnn., 
and  Mag.  Jfat.  MtL,  eei.  4,  vol.  liil,  pp.  390-396.    1874. 

A  aammuj  of  the  chief  polnle  In  favor  of  the  mineral  netuie  ef  Eoxocn  eamadtwe* 
(Nlcholeon  In  White  and  NIcholKm'a  Bib.  p.  111.) 

Kino,  W,,  and  T.  H.  Kowkby.  Uemarks  on  the  "Dawn  of  life"  by  Dr. 
Daweon;  to  which  ib  added  a  aupplementary  note.  <.lnn.,  and  Xag. 
NaL  BM.,  set.' 4,  vol  xvii.  pp.  360-377.    1B76. 

A  crlUcal  memoir,  eladiiK  the  ob>cUoiu  held  bj  the  enthon  ae  to  the  Eiippawd 
orgenlc  orlglD  of  BoEOon.    (NIcholeoD  in  White  end  NIcholion'B  Bib.  p.  111.) 

Laubb,  O.    Notizer  von  eioer  Rdse  in  Bcandinavien.     <_Latot,  xxlv,  Jahrg. 

(Bozoon  p.  21.)    Prague.    1674. 
Lka,  I.    Contributions  to  Oeolosy.    PhUadelpUa,  1S33. 
Lbidt,  J.    Remarks  on  Eazoon.    <Pkii].  .<lead.  Nia.  Bei.,  1877,  p.  20.     1877. 
LooAH,  W.  £.    Supposed  Fossils  in  the  Lanrentian  Limestone.    <CGeoiogy  cf 

Oanada  pp.  48,  49,  2  wood  cuts.    1863. 
LoGAK,  W.  B.    On  Organic  Remuns  in  the  Laurentlan  Rocks  of  Canada; 

<from  a  letter  to  the  editora  of  this  Journal  from  Sir  W.  E.  Logan, 

F.  R.  8 ,  dated  Montreal.  Feb.  17th,  1864.)    <iAmer.  Jcum.  &i.,  vol. 

xxivU,  2d  ser.,  pp.  272,  273.    1864. 
LoOAH,  W.  K.    On  the  Occurrence  of  Organic  Remains  in  the  Laurentian 

Rocks  of  Canada.     •i.Quart.  Jovm.  Oeol.  Sac.  Land.,  vol.  xxi,  pp.  45-SO. 

1S6S. 
This  nMmalr  Is  ■  geological  one,  occapled  with  i  getmal  dsscrlptlou  of  the  l^aren- 

ilui  Kecks  of  Cinida,  illaatriled  h;  notions.    The  author,  bonever,  gives  an  account 

of  the  diecovec?  of  Eoioaa  In  Ihe  Lower  Lanrentian  Llmeelone,  end  dncrlbes  Ibe 

general  mode  of  occarrence  of,  and  the  appearance  presented  by,  Ihe  BpecImeDe. 

(KlGhalaon  In  White  and  Nicholson's  Bib.  p.  112.) 

LooAR,  W.  £.  On  the  Occurrence  of  Orgauic  Remains  in  the  Lanrentian 
Jtocka  of  Canada.    <Oanad.  Nat.,  new  ser.,  vol.  ii,  pp.  92-W.    186S. 

A  repclDt  from  the  Q,nart.  JoDm.  Geol.  3oc.  Land.,  ISSB,  with  some  additional  notes. 
(NlcbolBDn  in  White  and  Nlcboleou's  Bib.  p  lit.) 
Logan,  W.  £.    On  Tfew  specimens  of  Eozoon.    •CQuart.  Joam.  Otot.  8oe. 
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Thle  la  a  geological  memoir,  it  la  ot  intereat  to  Ihe  palasonlologlit  aa  giving  a  detailed 
acconnt  of  the  preclee  geolaslcal  poaltlon  of  the  bed  from  which  was  ohtatoed  the  least 
altered  example  of  Eetotm  aatadrntt  (the  "Tndor  apeclmen")  as  jet  luiawu  to  science. 
(NIcbolsoa  In  While  and  KichaleoD'e  Bib.  p.  US.)  '* 
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Third  Cruiie  of  the  United  States  Steamer  Bibb,  nddreesed  to  Prof.  Beo- 

jamin  Pierce,  Superhttendent  United  States  Coast  Survey.    <JT.  S.  CoaA 

aurttg  Report,  1869,  pp.  SOB-219.    1872. 
Agawiz,  a.    On  the  Exploratioiis  in  the  Vicinity  of  the  Tortugas,  during 

March  and  April,  ISSl.    (Pelagic  Faunk  of  the  Gulf  Stream).    <fiull. 

Mil*.  Oomp.  Zool.,  to).  Ix,  pp.  145-149,  ISSt;  also  Ifattire,  vol,  xziv,  p. 

SB2.     1881. 
BaiLET,  J.  W.     Fossil  Foraminifeia  in  the  Oreen  Sand  of  New  Jersey. 

<.im«r.  Joum.  Sei.,  toI.  xU,  pp.  213,  214.    1841. 
BaUiBT,  J.  W.    American  Polythalmia  from  the  Upper  Hississippii  and  also 

from  the  cretaceons  formation  on  the  Upper  Missouri.    <^m«r.  Jeurn. 

Set.,  vol.  XU,  pp.  400, 401;  4  wood  cuts.     1841. 
Bailby,  J.  W.    On  fossil  Foraminiftra  In  the  calcareous  marl  from  the  cre- 

taceoos  formation  on  the  Upper  Missouri,  and  on  silicified  wood  found 

near  Fredericksburg,  Va.    <Prce.  Aead.  Nat.  8ti.,  PhOa.,  vol.  i,  p.  76. 

1843. 
Bailbt,  J.  W.    On  some  New  Localities  for  Infusoria,  Fossil  and  Recent. 

<ilm*r.J«ir.&<.,  vol.  xlTili,  pp.  821-343.    1846. 
Bailby,  J.  W.    On  a  Ptoceas  for  Detecting  the  Remains  of  Infusoria,  etc.,  in 

Sedimentary  Deposits.    <iP7ws.  Amer.  At»ot.  Adm.  Soi.,  1849,  p.  409. 

1860. 
Bailst,  J.  W.    Microscopical  examination  of  Soundings  made  by  the  U.  3. 

Coast  Survey  ofl  the  Atlantic  Coast  of  the  U,  S.     '.^SmiA  CojitrSt.  tp 

Knovi.,  vol.  11,  p.  I6i  1  plate.    1851. 
Bailby,  J.  W.    Observations  on  a  newly  discovered  animalcule  {PamplutfivM). 

■CAmr.  /oum.  *i,  vol.  xv,  2d  ser.,  pp.  341-347, 1863;  and  Qaart.  Jmrn. 

Micro.  Set ,  vo).  i,  pp.  296-399.    1SB3. 
Bailbt,  J.  W.    Examination  of  some  Deep  Soundings  from  the  Atlantic 

Ocean.    <AmtT.  Jour.  Sd.,  vol.  xvii,  2d  ser.,  pp.  17»-178.    1864. 
Bahay,  J.  B.    On  the  Origin  of  Oreen  Band,  and  its  formation  in  the  Oceans 

of  the  present  Epoch.    <P«iij.  Bw.  Soc.  Ifat.  SM.,  vol.  v,  pp.  364-S68, 

186S;  also  in  ^tn^r.  Jour.  Sd.,  vol.  xxU,  pp.  280-284.    1S66.    . 
Bailbt,  J.  W.    On  the  Origin  of  Oreen  Sand  and  its  formation  in  the  Oceans 

of  the  present  Epoch.    ■CQuart.  Jaum.  Mier.  Sei.,  vol.  v,  p.  83.    1857. 
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Bailet,  L.  W.  Notes  on  New  Spedea  of  Hicroacoptcal'  OrganlBnu,  chiefly 
from  the  Pars  Itiver,  South  America.  <Jowr.  Bo*.  Bei-  JTaf.  Hut.^  vol. 
yji,  pp.  327-381.    1863. 

Barxabd,  W.  8.  Protozoan  Btudiei.  </V<x!.  AtMr.  Amkc.  Adn.Sei.,  1671, 
vol.  Kiv,  pp.  840-242.    {AbetrBCt.)    1872. 

BclilD<ip7llB,  Eugljpbl. 

BiLLDKOS,  E.  Notes  on  aome  of  the  more  remarkable  genera  of  Silurian  and 
Devonian  fosalk.  <aMW(i,  Nat.,  new  aer.,  vol.  ii,  pp.  184-189,  witli  14 
wood  cuts;  and  pp.  406-409,  with  3  wood  cuts.     1S57- 

S]>etm«  tha  stractiin  uid  »aiDm»  of  Beceptacalltea,  PMcedlu,  and  Bulrlcea. 
(NIcbolKiD  Id  Wmta  and  Hicboltoii'i  Bib.  p.  TIT.) 

BiLLDias,  E.  Paleeozoic  IToesils,  vol.  1, 1861-1865.  <Owi.  Sutmj/  of  Canada. 
"New  Specfea  of  Lower  Silurian  Foeails." 

Blaxk,^.  p.  Notice  of  Rstnarkable  Strata  containing  the  remaina  of  In- 
ftuoria  and  Pulythalamia  In  the  Tertiary  Formation  of  Uonterej',  Cali- 
fornia.   'CProe.  Aead.  Nat.  Sei.  PhOa.,  vol  vill,  pp.  328-361.    1856. 

BoRmuAHH,  J.  Q.,  in  Brman'a — Ueber  elnlge  bisher  nicht  beachtete  Terttar- 
Qestelne  aus  der  Umgegend  von  Kio  de  Janeiro.  <iErman'»  Arehin.  9. 
wftMrMcA,  EuftOtv.  SutOand,  vol.  ziv,  pp.  143-1«1,  pi.  iv.    1864. 

Bbadt,  H.  B.  a  monograph  of  Carboniferous  and  Permian  Foraminifera 
<the  genua  Fuaulina  excepted).  <iPtaaontegra^ieal  Soeittj/,  1876,  pp. 
1-166,  plates  i-zil. 

Thla  work  la  neceaautlj  prlnclpallr  concerned  with  Biitlah  forme,  bnt  not  exclnilTalT 
Kk  At  page  47  la  a  sammarr  at  feologlcal  localiUea  in  Noitb  Amarloa  wbtcb  havo 
TieldedCarboalleTOQa  01  Permian /Vmniat^em.  Tba  tollowJns  fornu  are  dewribed 
from  tba  CarboDiferona  BoekioC  Nortb  America:  Talsliiia  palmtrDcHw.  Eheb.,  V. 
diecurrtn$.  V.piiailK.  Brad;.  V-  tmUoida,  a.  ip.,  V.  ruitit,  n.  ap.,  Nodoiiiulla 
frimlia,  Dawaon.  CaUarvta  ambigwh  n.  ap ,  and  Endalhiira  hoamani,  Pblll.  Tba 
1m1  Ii  ihown  (o  be  Ibe  aubBeqnently  deacrlbed  fiotelia  bailtri.  Hall,  l^om  tbe  Spergen 
BllJ  Llmeiloiie  of  iDdlaua.    (Mlcholeon  In  WUte  and  Nicholwn'a  Bib.  p.  BS. 

Broashkad,  6.  C,  Id  Raphael  Pumpelly 's  Prellminaiy  Report  on  the  Iron 
Orea  and  Coal  Fielda.    -COoet.  Survtn  ef  Miuouri.    1873. 
Foinllna  aod  BacepUcDlltei. 
Bboashsad,  O.  C.  OarbonlferouB  Rocks  of  Kansas.     <i_Tran».  Acad.  Sci.,S. 
Limit,  vol.  Iv,  pp.  481-492.    1S84. 
Fuiallna  c^Undrlca. 
CoKBAD,  T.  A.    Descriptions  of  new  apedea  of  Organic  Remains  from  the 
Upper  Eocene  Limestone  of  Tampa  Bay.    <.JfMr.  Jovrit.  Sei.,  vol,  ii,  2d 
aer.,  pp.  309,  400)  9  wood  cuts.    1846. 

DeM^bee  S-  JUtridatuu,  Oritiliaria  rottUa. 

OoHBAD,  T.  A.  Observations  on  the  Eocene  formation,  and  descriptions  of 
one  hundred  and  Ave  new  foesils  of  that  period,  from  the  vicinity  of 
Vicksburg,  Miadsaipin;  with  an  appendix.  <_PTac.  Aead.  Nat.  Sd., 
i'iU{a.,vol.  iii.pp.280-29g.    1848. 

Bamarkm  amoag  (be  obarecterlBtlc  roisll*,  ItummMlita  MmUlli  S.  floridamt. 
CriittUaria  roltlla. 
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CoVRAD,  T.  A.     Report  of  the  United  St&tes  and  Mexican  Boundary  Surrey, 

vol.  i,  pt.  ii.    Descriptiona  ef  Cretaceons  Posatla.    18S7. 
.  CoHRAD,  T.  A.     Catalogue  of  the  Eocene  Annulata,  I^jraminifera,  Echino- 
dermata  and  Oirripedia  of  the  United  States.     </>rc«.  Aead.  Ifat.  8ei., 
PhOa.,,  vol.  itU,  pp.  73-76.    1886. 
OoDFZB,  J.  B.    A  letter  read  by  Dr.  A.  A.  Oould,  dated  at  Batnbridge,  on 
tlie  C3iatahODcliee  River, Georgia,  March  IS,  1846.    <PnN;.  Bot.  8oe.  Nat. 
iKtf.,  vol.  11,  pp.  123-124.     1S48. 
JTummuiiItt,  pcolmbl;  JT.  Manttbi. 

CRATEir,  AMD  MArrrr.    Recent  DlscoTOr;  of  a  Deep-sea  Bank  on  the  Baatem 

Side  of  the  Oulf  Stream  of  the  Coast  of  South  Carolina,  Georgia  and 
'    Florida.    <Pn)o.  Amar.  Auoo.  Ad«.  Set.,  vol.  vii,  pp.  167-171.     1S56 
Obief,  F.    On  Mr.  W.  U.  Thomaa'  elidea  of  sand  obtained  bj  woahing  clay 

from  the  boulder-drift  of  Meeker  county,  Hinn.,  D.  8.  A.    <_Journ.  R. 

Miera.  Soc.BBi.ii,  vol.  iv,  p.  50i.    18B4. 
CRRDK2R,  H.    Die  Ereide  von  Nev  Jersey.    <^ZtitKhr.  d.  dtuUah  gtet.  OeuU, 

bd.  zxll,  pp.  191-2C3.    1870. 
Crobbt,  W.  O.    On  a  Poaglble  Origin  of  Petroailiceoua  Rocks.    <PrDC  Bo*. 

See.  Nat.  Bin.,  vol.  xi,  pp,  lifO-169.    1879. 
CcmnKaHAK,  E.  M.    Cleaning   Foraminifera.    <.^in«r.  M.  Micro,  Journ. 

vol.  i,  p.  88.    ISSO. 
CosaiHoaAk,  S.  O.    Notes  on  the  Nattinl  History  of  the  Strait  of  Ma- 

geilan;  pp.  28-32.     1B71. 
Daha,  J.  D.    Descriptions  of  fonlls.    <Appmdig  to  eel,  x,  WHket't  U.  .S. 

Jfap).  Sxptd.,  (Ponuninifera  from  Oregon,)  p.  729,  pi.  21  of  atlas.    1649. 
Daka,  J.  D.    Origin  ot  Cotal  Reefs  and  Islands.    <^Am&r.  Jown.  Sd.,  3d 

aer.,  vol.  zxx,  pp.  89-106, 169-191.    1B86. 
Dawsos,  Q.  H.    On  FoRunlnlfera  from  Gulf  and  River  8t.  Lawrence.  'CGia- 

ad.  Nat.,  N.  B.,  vol.  v,  pp.  I7S-  vood  cuts.    1870. 

Dawbom,  Q.  M.    Note  on  ttieoccurreni«  otForaminlfera,  (JoccoUths,  etc.in 

the  Cretaceous  Bocks  of  Manitoba.    <^Cajtad.  NaL,  new  ser.,  voI.tU,  pp. 

SS2-3B7.     1874. 

Tba  knthoi  eiunlned  His  CreUeeaniltocki  ot  Femblnk,  >omc  of  wbtch  reoinblsd  the 

"elialk"orKsbrs«kKliiipp«uan(»>DdUitan.    The earthr  bus  ot  ttali  d«poi1(coii. 

eined  prlDClpkllj  at  /bnmiifii/imi,  coccoUtbi,  sod  illlcd  DrganliniK.     Tbe  sathoT 

dMcribn  and  flgnrH  Ttitvtaria  slabuUna,  T.  tvgmss,  Dittorbma  ffjoinlant,  Pirn- 

ortWiiu  arinnmnt.  ssd  tormi  of  coccollUu  and  RbabdolIUii.  (NIchoLfon  Id  Wbllo 

uid  Klcholiim's  Bib.  p.OI.J 

Dawson,  Q.  M.    Report  on  the  geology  and  resources  of  the  region  in  the 
vicinity  of  the  Forty-ninth  Paialiel,  from  the  Lake  of  the  Woods  to  the 
Bocky  Uonntaina;  with  lists  of  plants  and  animals  collected,  and  notes 
.     on  the  fosdls.    Pages  379,  with  18  plates  and  3  maps.    187S. 

Tbare  sra  DOtSS  on  tbe  fonlli  callectud  (moatlT  plsnta  and  Tsrlebratcs).  tnd  smongit 
lbe*e  Dwr  be  menlloiied  Ou>  microscopic  organlsmi  (Foramlnllera.elo.,)  detected  bj 
(IwsnthorlD  the  CreUceoua  Bocki  of  the  Pembina  eiorpmeiit  end  other  locsllHea. 
(HIctaoleoD  In  While  end  Nleboleon'a  Bib.  p.  fil.} 
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Dawbom,  O.  M.  On  a  new  Specie*  of  Lofttuia  from  BritUh  Columbfa. 
Qurt.  Joum.  Geei.  See.,  Zond.,  xxx7,  p.  6S,  pi.  vl.    1879. 

Dawson,  Q.  H.  Bowlder  Clajs;  their  Microscopic  Stracture  sod  the  Tnrious 
Or){aiiijma  Found  in  Tbrm.     <rA<  Time*,  Chicago,  June  13,  ISM, 

Dawboh,  O.  H.  Bouldef'dajB.  On  the  Microscopic  Structure  of  Boulder- 
clays  and  theprganlsms  confined  in  them,  <fiull,  Chieage  Aead.  3e>,, 
vol.  1,  pp.  S9-69',  3  wood  cuts.  1685,  Also  in  the  ThirteenOi  Ann.  Stpt. 
QtoL  and  Nat.  Sttt. ,  Sut.  M(nn.,  18S4,  pp.  1S0-lS3i  3  wood  cuts.     188fi. 

Dawson,  J.  W.  Additional  Notes  on  the  Post-FUocene  Deposits  of  the  St. 
Lawrence  Valiey,  <(^nii(f,  Nat.,  vol.  iv,  pp.  23-39;  wood  cuts-  1S69. 
The  anlhor  dueiibM  nod  Ogana  S  (peclsa  of  Ihe  Fonmlollan, 

Dawson,  J,  W.  Notice  of  Tertiaty  Fosslla  from  I^hrador,  Maine,  etc,  and 
Remarks  on  the  Climate  of  Canada  In  Newer  Pliocene  or  Pleistocene 
Period.  -COawid.  Sat.,  vol.  v,  pp.  188-200,  wood  cuts,  1960.  Forami- 
nifera. 

The  onlr  oeo  apeclei  meotlaned  la  JToHHniwi  hbradariea. 

Dawbcw,  J.  W.    Notes  on  Poat-pUocene  Depoeita  at  Riviere  Du  Loupe  and 

Tadaissac,     <:Oanad.  Nat.,  N.  B.,  vol.  H,  pp.  81-87,    1865, 
Dawson,  J.  W.     On  Foramlnlfera  from  the  6alf  and  River  Bt.  Lawrence. 

i^Amer.  Journ.  Sei.,  vol.  i,  ser.  3,  pp.  2M-210;  10  wood  cuts.     1871. 
Dawson,  J,  W.    On  Foraminifera  from  the  Gulf  and  River  6t.  Lawrence. 

<^Ann.  and  Mag.  Nat.  Sttt.,  ser.  4,  vol.  vil,  pp.  83-88.    1871. 
Dawboit,  J.  W.    On  Some  New  Specimens  of  VoaM  Protozoa  from  Canada. 

<!_Proe.  Amtr.  Attoo.  Adn.  Sei.,  1S75,  vol.  ixlv,  pp.  100-10G-,  wood  cuts. 

1872. 
Dawson,  J.  W.    Notes  on  the  Poat-pllocene  Geologjr  of  Canada.     ''Jjonad. 

Nat.,  N.  8.,  vol.  vl,  pp.  19, 166,  241,  369,  pi.  ill.    1872. 
Dawboh,  J.  W.    On  some  Now  Specimens  of  Fossil  Protozoa  front  Canada. 

<ftw.  Amtr.  AMoe.  Adv.  Sei.,  vol.  ixlv,  pp.  100-106.     1878. 
Dawson,  J.  W.    Palteontologlcal  Notes. — II.    Saccammiua!    (Oalcispheera) 

Briana.     <:Oanad.  Nat.,  vol.  i.  No.  1.    1881. 
D'Okbiohi,  a.    Voyage  dans  I'Amefiqae  Uerldioale  pendant  les  Annees, 

1826-1833.     ParU,  1834- '43,  vol.  v,   partie  B.     P'OT™»in(/'*«M,  fol.  8  pi's. 


D'Orbiony,  a.  D,   Die  Forammlfeien  Amerikaa  und  der  Canarlschen  Inseln. 

(Hnller  Archlv.)     80  Berlin,     1840. 
Ebrbrbsbs,  C.  6.    Verbreltuog  und  Elnfluss  der  HlkroacopUchen  Lebeos 

in  Bod  und  Nord  Nord  Amerika,     <^Abhan.  Kangl.  Akad.  WU*.  Berlin, 

(1841),  pp.  291,  438;  4  plates.     1841. 
Bhbknbbbg,  C.  O.    VerbreituDg  dea  Mlkrookoplschen  Lebens  als  Fetsmaasen 

jm  Cenlralen  Nord-Amerlka  uod  im  Weatlichen  Asien.      -^BaritAb  d.  k. 

prmM.  Ak.  Wit.,  1842,  pp.  187, 188.    1842, 
Ehrbnbkbo,  C.  Q.     Uober  das  mikroscnpische  Leben  in  Texas.        Btriehu 

d.  Kangl.  pr*um.  AJead.  Wii*.,  (184.')),  pp.  87-91.     1849. 
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Shrbmberg,  C.  Q.  Verbreitung  und  EinUuse  dea  mikroskopiechen  Lebflas 
in  Sud  und  Nord  Amerik&.  <.^Mand.  d.  AkaA.  d.  Wim.  z«  BwHa.  (IS41), 
pp.  291^45;  4  plates.    1843. 

Bbrehbbbu,  C.  G.  Report  on  the  speciee  of  InfuMtrla  contained  in  speci- 
mens of  the  sedintent  of  the  Hie^ssippi  river.  <  Jrircnom.  Obmr.  Sat. 
Obmr.  Waah.,  vol.  Ill,  appendix  B.  ObseivationB  on  the  Mississippi 
River  at  Memphis,  Tenn.,  pp.  ZB-32.     1853. 

Ehhsnbkrq,  0.  0.  Die  weitere  Bntwlckelung  KenntnUs  des  Qrundsandes 
ftls  Krone  FoljthalBmien-Steinkerne,  ueber  braunrothe  und  corsll-rotbe 
titeinkeme  der  Polfthalomlan-Krede  in  Nord  Amerika,  und  ueber  den 
Heeresgrund  ans  12,900.  Fuss  Tiefe.  [The  further  development  of  the 
discovery  that  Uie  green  saod  is  composed  of  green  casts  of  poljthalmia, 
also  on  the  brownish-red  or  bright-red  casta  of  polythalmia  in  cballi  of 
North  A.merlcs,  and  on  the  sea  bottom  at  depths  of  12.900.]  <Monat»- 
berieht  i.  kk.  Akad.  A  Witi.  Berlin,  IflSB,  pp.  172-178. 

That;bler  point  In  Ihle  paper  li  Uiit  Ihe  browDldi  orTeddl«h"dialk"of  Alitwms 
aw«a  iu  color  lo  nninaron*  eballsot  Foramiiiiftra  Ailed  wllh  ■  11101  larlrmlond  rillcaie 
ot  Iron.    ?llcliolK>n  in  Wblta  ud  NlobolHin'a  Bib.  p.  M.) 

BHREiiBBRe,  C.  a.  ErUuternngen  ueber  den  Grunsand  im  Zenglodon-Esike 
Alabam's  In  Nord-Amerika.  [InvesUga^ona  into  the  green  sand  ot  the 
2jeugIodon  limestone  ot  North  America.]  MotuUtbgriefii  d.  k.  k.  Akad.  d. 
Wit.  B»rUn.  IBSS,  pp.  88-89. 

Tbe  aaihoT  abowa  (bit  tba  gralni  of  gram  (and  letarapaned  in  the  ZangtodoD-ltme- 
atone  ot  Alabama  an  reallj  of  tha  natuca  ol  caata  of  Ibe  ahalla  of  Foljlhalamona 
Foramniftra.  At  laaet  thirty  dlflanDl  forma  w«a  recognized  b;  tbeaatbor.  (Hlchol- 
■OD  In  WbJte  and  KIcholaon'i  Bib.  p.  BS.> 

Ehrbmbbko,  C.  G.  Beitrag  sur  Uebermcht  der  Elemente  des  Uefen  Meerea- 
grundea  Im  Mexicanlschen  Goltstrome  bei  FJorida.  <^Mi>ttatiber  d.  k.  pr. 
Akad.  d.  Wim.  Beriin  (1661),  pp.  222-240;  table.    18S2. 

Fabbicitjb,  O.  Fauna  Groenlandife,  ^ystematice  sistens  anlmalia  tiroenlan- 
di«  occldeotalis  bactenus  indagata,  etc.    Bafuite  et  Upsloi     1780. 

Oabb,  W.  M.  Descriptions  ot  new  species  of  American  Tertiary  and  Creta- 
ceous Fossils.      i'Jintm   Acad.  Sci.,  Phila.  a.  s.,  vol.  Iv,  pp.  376-406,  pi. 

\x\x;     1860. 

Oabb,  W.  U.  Catalogue  of  the  Invertebrate  Fostila  of  the  Cretaceous  for- 
mation of  the  United  Slates,  with  teferences.  <:^Proc.  Acad.  Nat.  Set., 
PMa.,  18fi9,  20  pages.     1880. 

G&BB,  W.  M.  Description  of  a  Collection  ot  FoasIIs  made  by  Dr.  Antonio 
K^mondl  in  Peru.  <,7e>urn.  Aead.  Nat.  Sei.,  Phtla.,  vol.  vill,  pp.  263- 
838.     1877. 

Gai-BcyrTi,  H.  G.  Sur  le  calcalre  Cretace  des  environs  de  Jalapa  au  Hexique. 
<:BvU.  dt  \a  Sodele  Otol.  de  Franee,  vol.  x.     8  to.  Paris.     1839. 

GEimTZ,  B.  fi.    Carbon  formation  und  Dyas  in  Nebraska.     <^Aeta  A 
Leap.  OnwI.,  vol.  xx^iiii,  pp.  1-91:  6  plates.    1666. 
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Page  101,  Uno  M  from  top— fbr  ValalHU  nad  VahulUi. 
Pap  101,  Ilia  XT  torn  top— for  deeeurmt  nad  lUeurttnt. 
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Pap  IIT,  line  10  from  top— tor  Uandon  laad  Mendon. 

Page  317,  llae  8  f^om  bottom— Air  Tnmanowlcile  nid  Tamanowlcill, 
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PigeSlS,  llu  10  rom  top-far  lOrklr  rnd  Klrkb;. 

P*g*  tIB,  llna  1  n^nn  botlom— InHrt  pp  9B1.W,  I  plitc.    For  iil  rMi: 

Piga2l9,  llu*  II  rrom  bottom— (br  BoBtbarndonn  md  SoullwrDdoidi. 

F*p  211).  Unt  19  from  bottom— for  S  R  mid  ft. 

Pig*  ns.  lie*  1  rrom  bottom- ror  itI  md  iiW. 

PigatSO,  .Ids  S  from  top— for  BrttKiiIca  rnd  Biilanntea. 

PkRB  Wh  UdB  B  from  lop— (br  il  «d  iL 

FiE>S51,  lines  rrom  top— for  Protoion  md  Proloioi. 

PiE>399,]lD«Srromlap— foril  md  iL 

F*nS%  llMtfrombotlom- InHrl  iIt, 

rom  top- fbr  Snjopili  md  Brnopda. 

Ron  bottom— for  297  tMd  SSX 

from  bottom- IntRt  Firk- 

from  bottom — for  D  leid  Dr- 
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VII. 

NEW  SPECIES  OF  FOSSILS. 
BtN.  h.  winchell. 

CBYPTOZOON  UINirES<}TEKSE,  n.  ip. 

Plates  I  and  II, 

(Compare  Crypiozoon  praliferum,  Hall,  thhiy-siith  regents' 
report  on  the  New  York  State  Cabinet,  plate  VI.) 

In  1875,  and  again  in  1877  speeimens  of  doubtful  organic 
forms  were  collected  by  the  writer  at  Northfield  from  the  mag- 
nesian  limeetune  beds  that  oubcrop  along  the  left  bank  of  the 
Cannon  river  a  mile  nnd  a  mile  and  a  half  below  the  city.  These 
were  registered  in  the  General  Museum  of  the  University  with 
the  numbers  2891,  and  2563  without  apeci)!  description.  In 
May,  1885,  the  same  form  was  seen  more  aband^ntly  in  the 
uppermost  layers  of  similar  limestone  at  Cannon  Falls,  in 
Goodhue  county,  and  was  registered  as  a  "supposed  stroma- 
topora,"  with  the  number  5865,  In  both  cases  this  fossil  has 
been  found  in  the  upper  layers  of  this  limestone,  directly  be- 
neath the  St.  Peter  sandstone,  which  can  be  seen  in  both  places, 
in  outcrop  but  a  few  rods  away.  The  museum  is  indebted  to 
Mr.  W.  H.  Scofield  of  Cannon  Falls,  for  the  finest  and  largest 
perfect  specimen  of  this  fossil  that  has  yet  been  seen.  A  spec- 
imen  jjaviug  the  same  laminated  structure  and  from  the  same 
formation  (bo  far  as  could  be  judged  from  the  lithology  and  the 
geographical  position)  was  found  in  the  drift  in  Fillmore  county ; 
and  silicified  masses  of  Umiuated  rock  are  referred  to  in  the 
report  on  that  county  in  vol.  i  of  the  final  report,  p.  283,  where 
they  are  compared  to  Eozoon  canadense.  It  is  highly  probable 
that  all  these  belong  to  the  same  generic  form,  and  probably  to 
the  same  species,  though  there  is  a  constant  difference  in  outer 
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shape  between  those  seen  at  Northfield  and  those  at  CsDnon 
Falls. 

The  specimens  obtained  at  Xorthfield  (PI.  II.,  fig.  i)  are  sub- 
cylindrical  with  a  conical  upward  apez.  They  are  from  one  to 
three  inches  long,  the  length  depending  apparently  on  the  cir> 
cumstaocea  that  attended  their  remorgl  from  the  enclosing  rock, 
and  from  one  to  two  inches  in  diameter.  They  appear,  out- 
wardly, like  a  aucceesion  of  caps,  or  thimbles,  piled  on  each 
other,  the  lower  end  of  each  covering  the  upper,  closed  end  of 
the  one  below  it.  But  the  lower  edge  of  each  cup  is  ragged  and 
capriciously  fractured,  due  to  the  weathering  out  of  the  spec- 
imen from  the  enclosing  rock,  for  it  is  probable  that  the  spec- 
imens would  not  be  discovered  except  for  the  distinctness  of  the 
cup-shaped  lamiaation  which  is  made  conspicuous  by  exposure  to 
the  weather.  It  fs  evident  that  they  are  not  always  cylindrical^ 
nor  sub-cylindrical,  since  the  impressions  of  the  apices  of  several^ 
remaining  on  the  under  surface  of  a  small  slab  of  rock,  aro 
somewhat  elongated,  though  the  most  of  these  are  concave,  and 
shaped  like  the  conical  tops  of  the  most  of  the  detached  spec- 
imens. The  frayed  edges  of  the  lamine  vary  in  frequency  and 
in  thickness.  Generally  two  or  three  occupy  the  space  of  a 
quarter  of  an  iuc^,  but  the  intimate  structure  shows,  in  a  thin 
section,  a  much  finer  lamination,  viz. :  from  aix  to  ten  laminee  in 
a  quarter  of  an  inch. 

The  specimens  from  Gannon  Falls  show  a  similar  but  much 
finer  lamination,  the  laminae  being  as  frequent  as  aix  or  eight 
laminae  in  a  quarter  of  an  inch,  as  visible  to  the  eye.  In  a  thin 
section  the  fine  lines  indicating  the  sections  of  the  lamine  are 
as  numeroQS  aa  ten  to  fourteen  in  a  quarter  of  an  inch  (PL  II, 
Fig.  3).  Furthermore  the  Gannon  Falls  specimens  are  quite 
different  in  outward  form.  They  are  shaped  like  the  fossil  from 
the  Trenton  which  is  well  known  under  the  name  C^atetes 
peiropolitanits,  but  attain  an  immense  size.  The  largest  perfect 
specimen  seen,  detached,  is  that  kindly  furnished  by  Mr.  Scofield, 
who  found  it  at  Gannon  Falls,  weathered  out  from  the  Shakopee 
limestone,  and  is  nearly  sixteen  inches  in  diameter  across  the 
base,  and  eight  inches  in  bight.  Its  form  ia  well  represented 
by  figure  42  (A),'  on  page  317  of  Mr.  Nicholson's  Palaeozoic 

*Sovi  wpinltd  b J  Hr.  Nlcholran  nnder  iba  nunc  Ifonf icuJtpom  (  Dipfof ruw)  Wkiltrettii. 
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tabulate  corals.  Nnmetoaa  others  of  equally  symmetrical  oat- 
lines,  varying  ill  size  from  three  inches  to  ten  inches  in  trans- 
verse diameter  have  been  gathered  at  Gannon  Falls.  They  are- 
also  seen  to  overlap  each  other  and  to  be  of  varioas  shapes  when 
crowded  Jn  the  rock.  The  surface  of  the  rock  is  nearly  covered, 
with  them  over  a  space  of  a  square  yard  or  more  at  a  point  in 
the  highway  near  the  depot  of  the  Chicago,  Milwaukee  and  St, 
Paul  railway.  The  nnder  surfaces  of  perfect  specimens  are 
concentrically  striated  or  ridged.  This  form  has  been  seen  at 
Monkato  where  it  occurs  in  the  upper  portion  of  the  blufb,  in 
the  limestone  that  is  used  for  quicklime,  the  diminished  repre- 
sentative of  the  Shakopee  limestone.  It  ia  more  common  than 
that  seen  at  Northfield,  and  the  name  minnesotense  is  applied  to- 
it.  The  resemblance  of  the  Northfield  form  to  the  Phrygian 
cap  suggests  for  this  variety  the  distinctive  term  libertatis. 

These  forms  msfy  be  varieties  of  Prof.  Hall's  epeciei proliferum; 
but  they  differ  markedly  from  that  in  the  manner  of  growth. 
They  are  convex  upwardly,  instead  of  concave,  and  while  having 
apparently  a  main  central  point  of  attachment  from  which 
growth  proceeded,  they  spread  laterally  over  the  surface,  and 
each  grand  added  layer  of  growth  seems  to  be  expressed  in  the 
3oncentric  undulations  seen  on  the  base,  which  has  a  central 
'  depression  rising  toward  the  center  of  the  mass. 

Prof.  Hall  has  kindly  supplied  me  with  a  specimen  and  a 
moanted  thin  section  of  Cryptozoon  prdiferum,  for  comparison, 
from  which  it  is  seen  that  the  lamination  is  quite  similar  in 
general  character,  but  much  finer  in  the  Minnesota  forms. 

Locality  and  formation:  Cannun  Falls,  Northfield,  and  Man- 
kato  in  the  Shakopee  limestone. 

Museum  Register  numbers  2391,  2663,  5865,  and  6487. 


HHYNCHONELIiA  AINSLIEI,  d.  sp. 

PUtell,  figs.  Sand  6. 
Of  this  species  only  the  exterior  is  known.  It  varies  from  s 
quarter  of  an  inch,  or  less,  to  three  quarters  of  an  inch  in  trans- 
verse  dimension.  Mature  specimens  measure  somewhat  more 
than  half  an  inch  from  front  to  rear.  The  plications  are  finer 
and  more  numerous  than  in  R.  capax,  with  which  it  is  constantly 
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associated,  bat  From  which  it  can  easily  be  distinguished  by  this 
obrioas  character.  It  is  also  i  broader  shell,  generally,  and,  like 
B.  Capax,  has  not  been  known  to  acqnire  in  Mioneaota  those 
rotnod  proportions  which  the  latter  exhibits  in  Indiana  and 
Ohio. 

The  smaller,'  or  dorsal,  valve  has  an  upward,  rounded  flexure  at 
thf>  center  which  extends  from  the  front  about  three-fourths  of 
the  distance  to  the  beak,  where  it  blends  with  the  general  convex 
surface  of  the  valve.  The  corresponding  flat  depreBsion  of  the 
ventral  valve  can  be  traced  perhaps  a  little  further  toward  the 
beak.  On  the  dorsal  valve  are  from  38  to  34  plications,  of  which 
six  or  seven  are  on  the  mesial  fold.  On  the  ventral  valve,  which 
has  a  distinct,  free,  perforate,  curved  beak,  are  about  the  same 
number  of  plications,  of  which  six  or  seven  are  in  the  depressed 
mesial  lobe.  On  each  valve,  the  outer  ones  of  those  plications 
embraced  in  the  mesial  fold  are  partly  on  the  sloping  surface  from 
the  fold  to  the  general  surface  of  the  valve.  The  mesial  flexure 
of  the  Valves  is  much  less  marked  in  the  youui;  specimens. 

The  beak  of  the  dorsal  valve  ie  wholly  hid  by  the  curvature  of 
the  beak  of  the  ventral  valve.  The  beak  of  the  ventral  valve  is 
perforated  at  the  apex  by  a  circular  foramen  which,  however,  is 
coalescent  with  the  delttdiam,  which  extends  to  the  hinge-line 
with  slightly  diverging  lateral  margins.  On  either  side  of  the 
deltidium  of  the  ventral  valve  is  a  curving  faintly  striated 
lamella,  simulating  a  cardinal  area  such  as  is  seen  in  Or  this. 

The  plications  of  the  shell  are  crossed  diagonally  by  fine  stria- 
tions  of  growth,  but  in  no  case  have  these  striatious  been  seen 
80  conspicuous  and  ornamental  as  in  some  specimens  of  E.  capax 
from  Ohio.  Indeed  they  are  hardly  visible  except  under  a  mag- 
nifier. 

Locality:  This  fossil  is  found  throughout  the  southeastern 
part  of  the  State  wherever  the  Trenton  shales  appear  in  outcrop, 
and  extends  as  far  north  as  Minneapolis  where  it  is  common  in 
the  shales  that  overlie  the  Trenton  limestone. 

Afuaeum  numberg  324,  734,  4031,  5480,  5489,  5521,  5492,  5512, 
5505,  5517. 

The  specific  name  is  given  in  honor  of  Mr.  N.  S.  Ainslie,  of 
Kochester,  Minn.,  at  the  request  of  Prof.  R.  P.  Whitfield. 
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OBTUIS  BEHSICHA.  d.  sp. 

Plate  ir,flg.  7. 

Shell  about  an  inch  ia  transverse  diameter  and  about  three- 
quarters  of  an  inch  in  length,  from  front  to  rear;  it  is  regularly 
oblong-OTal,  with  the  greater  diameter  transverse,  marked  by 
coarse,  bifurcating  costEe  which  radiate  from  the  beak.  The 
ventral  valve  has  a  shallow  mesial  depression  which  begins  near 
the  beak  and  widens  toward  the  front  so  as  to  occupy  on  the  front 
margin  nearly  a  third  of  the  width  of  the  shell.  The  beak  ia 
not  prominent,  and  in  all  the  specimens  seen,  which  are  rather 
poor,  it  seems  not  to  rise  beyond  the  hinge  area;  the  cardinal 
angles  are  rounded,  so  far  as  preserved  in  any  specimens  seen. 

N6  other  characters  of  this  shell  can  be  given,  as  it  is  only 
seen  in  fragments  which  are  but  rarely  large  enough  to  satis- 
factorily characterize  the  genus  Ortkis.  Very  many  impressions 
and  fragments  of  its  valves  are  found  in  a  brownish  magnesiaD 
limestone  at  Ked  Wing,  which  lies  beneath  the  surface  *of  the 
grade  cf  the  street,  from  two  to  six  feet,  at  the  corner  of  Brush 
and  Main  streets.  This  limestone  was  excavated  in  the  constrac- 
tioQ  of  the  city  sewers,  and  seems  to  be  a  lenticular  layer  but  a 
foot  or  two  in  thickness. 

Formation:  This  layer  is  in  the  St.  Croix  formation,  about 
125  or  150  feet  below  the  limestone  which  there  rises  in  the  sum- 
mits of  the  bluffs. 

Museum  Begister  numbers  60il  and  6070. 

Before  this  the  only  mention  of  Orthis  at  this  low  horizon 
seems  to  be  that  of  Prof.  A.  Winchell,  who  has  described  Ortkis 
barahuensis*  from  Devil's  lake,  Wisconsin.  (Am  Jour.  Sci,,  vol. 
xxxvi,  p.  229.  1864);  Ortkis  pepina,  described  by  Prof.  James 
Hall  in  1863,  (Sixteenth  Report  on  the  New  York  State  Cabinetf 
p.  134,)  who  reported  it  from  Reed's  Landing,  Minnesota,  and 
Osceola,  Wisconsin;  Ortkis  coloradoensis',  described  by  B.  F,  Sha- 
mard  from  Burnet  county,  Texas,  (Trans.  St.  Louis  Acad.,  vol. 
1,  p.  627),  who  incidentally  (loc.  cit.)  referred  to  an  Orthis  "from 
the  Potsdam  sandstone  of  Minnesota,"  found  in  casts  in  a  fine- 
grained  sandstone,   but  which'  he  never  described,  and  Ortkis 
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eurekenaiB,  recently  pabliahed  by  C.  D,  Walcott,  from  the  Eureka 
district  of  Nevada.  (Paleontology  of  the  Eureka  District,  p. 
-22).  The  species  described  above  differs  widely  from  all  these, 
.and  cannot  be  mistaken  for  either  of  them. 

OBTHIS  SAMDBERGI.  n.  ip. 

Plate  II,  Figa.  8  ud  B. 

Associated  with  the  last  are  distinct  impressions  of  a  fonr-Iobed 

brachiopod  which   is  donbtfnlly  referred  to  the  genus  Orthia. 

The  greatest  width  of  the  shell  is  on  the  hinge-line,  amoanting 
to  half  an  inch  or  somewhat  less;  from  the  ends  of  which  the 
margins  of  the  valves  retreat  abrnpily,  prodncing  acnte  cardinal 
angles.  After  a  shallow  re-entrant  angle,  or  cnrve,  the  lateral 
margins  swell  out  again  in  passing  the  anterolateral  spaces,  form- 
ing ronnded  lobes,  one  on  each  side  of  the  median  line.  As  they 
approach  the  center  of  the  front,  they  again  crowd  inward 
forming  at  the  front  an  indentation.  These  lobes  on  the  larger 
-valve  are  coincident  with  elevations  on  the  eiterior  of  the  shelly 
and  the  retreating  angles  with  depressions,  both  of  which  extend 
from  the  margin  to  the  beak,  the  aspect  in  general  being  rather 
spiriferoid  or  fonr-lobed.  The  specimens  are  all  casts  or  impres- 
sions, the  shell  substance  having  been  absorbed.  These  impres- 
sions are  smooth,  though  there  is  in  one  case  an  appearance  as 
if  tlie  outer  surface  of  the  large  valve  were  markect  by  radiating 
costs.  The  beak  is  apparently  in  conspicuous. 
J'^ormation  and  locality :  Same  as  the  last. 
Museum  register  number  6490. 
The  name  is  given   to  this  species  in  honor  of  Dr.  J.  H. 

■Sandberg,  of  Sed  Wing,  who  called  attention  to  this  inconspic- 

•uons  fosailiferous  bed.  Associated  with  this  and  the  last,  are 
occasional  traces  of  what  appear  to  be  crinoidal  remains,  in  the 
form  of  sections  of  the  stems,  about  an  eighth  of  an  inch  in 

■diameter. 
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A    SUPPOSED    NATURAL    ALLOY    OP    COPPER    AND 

SILVER  FROM  THE  NORTH  SHORE  OF 

LAKE  SUPERIOR. 

By  N.  h!  WINUUELL. 

In  the  course  of  preparation  of  the  exhibit  of  the  Minnesota 
-department  of  geology,  fauna  and  flora,  at  the  late  expoaition  at 
Netr  Orleans,  I  obtained  at  Dulntb  a  mass  of  native  copper, 
similar  to  numerous  others  that  have  been  found  in  the  drift- 
deposits  in  the  northwest.  This  was  loaned  for  the  use  of  the 
-exposition,  and  was  exhibited  during  its  continuance.  It  is 
owned  by  Hon.  0.  C.  Greenwood  of  Duluth,  and  is  said  to  hare 
been  found  near  the  mouth  of  Temperance  river,  in  Minnesota. 

This  piece  of  copper  had  been  assayed  to  ascertain  its  content 
of  silver,  which  was  evidently  present  throughout  the  most  of 
the  specimen.  Several  holes  had  been  drilled  through  it  for  the 
purpose  of  getting  a  fair  average  by  the  use  of  the  drillings,  and 
the  prevalent  opinion  of  the  amount  of  the  silver  was  stated, 
from  recollection,  to  be  five  pounds  of  silver  and  three  pounds  of 
copper,  and  it  was  thus  labeled,  while  on  tfxbibition  at  New 
Orleans,  the  official  statement  of  the  assayer  having  been  lost. 

On  the  retumjof  this  specimen  from  New  Orleans  I  was  struck 
with  the  appearance  which  it  presents.  The  two  metals  are 
plainly,  but  not  homogeneously,  alloyed.  It  has  been  stated  that 
these  two  metals  are  never  thus  found  alloyed,  though  in  imme- 
diate contact,  in  the  copper-bearing  rocks  of  Lake  Superior. 

Dr.  C.  T.  Jackson,  who  was  the  first  to  call  pnMic  attention  to 
this  point,  so  far  as  I  have  been  able  to  ascertain,  stated  in  1849,* 
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"that  only  one  other  locatitf  is  known  in  the  United  States  of  a 
mixture  of  natire  copper  and  silver,  and  that  is  in  Somerrille, 
N.  J."  He  saw  a  mass  of  natire  copper  taken  from  the  old 
Bridgenater  mines  which  bad  nameroua  lumps  of  silver  pro* 
jectiDg  from  its  surface,  though  firmly  united  to  the  copper  at  the 
poiot  of  contact.  He  calls  attention  to  a  "series  of  facts  alto- 
gether new  in  practical  geology,  viz.,  the  occurrence  of  veioB  of 
solid  metalic  copper,  admixed  with  native  silver  and  not  alloyed 
with  it."  He  affirms  that  he  has  "analyzed  hundreds  of  speci- 
mens without  ever  finding  any  truealloy  of  the  copper  and  silver. 
In  cases  where  it  was  first  supposed  to  have  been  an  alloy,  it  was 
subsequently  found  to  be  merely  a  mechanical  mixture  of  the 
two  metals.  Had  they  no  affinity  for  each  other  the  particles 
could  not  have  been  more  separate,  but  since  we  know  that 
molten  copper  and  silver  readily  and  most  quickly  unite,  forming 
an  alloy  when  they  are  brought  in  contact,  and  know  also  that 
the  copper  requires  a  much  higher  temperature  for  its  fusion,  it 
is  difficult  to  conceive  that  the  metallic  lode  of  the  mine  was 
deposited  in  a  molten  condition." 

Messrs.  Foster  and  Whitney  in  their  report  on  the  Lake  Superior 
land  district'  in  1850,  refer  to  the  unalloyed  condition  of  copper 
and  silver  in  these  rocka  Though  it  had  been  asserted  that 
some  of  thi  native  copper  contains  a  small  portion  of  silver 
alloyed  with  it,  they  found  no  silver  in  the  specimens  which  they 
examined  unless  particles  of  that  metal  were  visible  in  the  mass. 
A  specimen  of  native  silver  from  the  Minnesota  mine  was  found 
to  contain  a  trace  of  copper;  though  in  general,  they  stated 
these  metals  do  not  occur  alloyed  with  each  other,  as  would 
naturally  be  supposed  on  the  theory  that  they  have  been  forced 
ap  together  in  a  state  of  fusion  from  the  heated  interior  of  the 
earth.  "The  silver  is  scattered  through  the  m%f;alic  copper  in 
such  a  manner  that  each  metal  remains  entirely  free  from  alloy 
with  the  other,  although  the  junction  of  the  two  at  their  edges 
is  a  perfect  one.  The  silver  ia  often  interspersed  in  the  mass  of 
copper  so  as  to  form  a  species  of  porphyry,  the  former  metal 
occurring  in  smalt  patches  and  particles  perfectly  soldered  to  the 
enclosing  mass  of  copper,  yet,  chemically  speaking,  entirely 
distinct  from  it." 

•Report  OD  tb«  ■■capper  tandi"  at  the  Lake  Superior  Und  dinrlct  Id  Ulchlgu,  ISU,  p.  i;B. 
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Prof.  R.  Pampelly  never  found  these  metals  in  the  least 
alloyed  tof^ether,  though  constantly  occuring  in  intimate  UDion.* 
Dana's  mineralogi/  mentions  no  instance  of  silver  and  copper 
found  naturally  alloyed.  Pumpelly  states  that  the  anion  between 
them  is  often  so  slight  that  on  being  rolled  out  into  a  sheet  the 
silver  becomes  more  or  less  separated  and  may  be  wholly  de- 
tached. . 

Under  these  circamstanoes,  when  those  who  have  carefully 
studied  the  metallurgy  and  parageneais  of  these  snbstancea  in 
their  native  places  have  not  been  able  to  find  a  single  instance 
of  a  natural  alloy,  the  conditions  which  can  be  seen  plainly 
shown  by  this  specimen  are  certainly  a  matter  of  surprise  and 
of  scientific  interest.  On  asking  Prof.  Dodge,  of  the  University 
of  Minnesota,  to  make  an  assay  of  this  specimen,  he  stated  that 
he  made  the  former  assay,  nearly  two  years  ago,  and  he  kindly 
gave  me  the  following  statement  of  the  two  trials  which  he  made. 
Be  drilled  six  one-fourth  inch  holes  through  it,  to  obtain  the 
drillings  for  each  assay : 

FIRST  RESULT. 

Copper 99.04  per  cent. 

Silver 06  per  cent. 

Iron.... traces. 

Gold - none. 

SECOND  RESULT. 

Copper 99.004 

Silver 096 

Iron traces. 

Gold none. 

The  average  proportion  of  silver  is  less  than  one  per  cent,  but 
it  is  evident  that  in  some  parts  of  the  mass  the  silver  is  much 
more,  and  would  perhaps  reach  from  five  to  ten  per  cent.  There 
are  also  some  evidently  nearly  pure  silver  streaks  or  blotches, 
which  are  revealed  by  freshly  abraiding  the  surface. 

This  mass  having  been  found  on  the  surface  mingled  with  the 
drift  pebbles,  there  is  no  certainty  that  it  is  natural.  Indeed 
there  are  some  outward  signs,  in  the  specimen  itself,  aside  from 

•OeolDflctl  aurvj  of  Hiehlgin,  Vol.  I,  copper  baarlug  rocka,  pp.  110,  SS. 
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the  a  priori  improbability,  that  it  may  bare  been  in  the  hands 
of  the  ancient  miners  who  once  wrought  the  copper-mines  of 
Lake  Superior,  and  that  its  present  condition  is  doe  to  their 
mining  methods. 

(1.)  In  the  first  place,  it  is  in  the  form  of  a  sheet  from  a 
fourth  to  a  half  an  inch  in  thickness,  of  the  shape  nearly  of  an 
equilateral  triangle. 

(3.)  It  is  coiled  at  one  comer  so  that  the  comer  nearly  tonches 
the  opposite  side,  and  has  the  appearance  of  having  been  forced 
into  this  shape. 

(S.)  If  this  were  uncoiled,  the  straightened  edge  would  form 
nearly  a  right  line,  about  eight  inches  in  length,  a  fact  which 
is  improbable  with  a  piece  of  native  copper  in  its  original  con- 
dition. 

(4.)  This  edge,  and  also  another  edge  for  a  distance  of  about 
two  inches,  has  a  roughly  laminated,  or  sheeted  structure,  such 
as  might  have  been  produced' by  some  pounding  and  crowding 
when  in  a  semi-molten  condition. 

(5.)  There  is,  all  over  the  exterior,  on  one  side  of  the  specimen, 
a  roughness  of  fine  reticulated  corrugations,  alternating  ridges 
and  furrows,  not  long  continuous,  but  broken,  varying  from  a 
thirty-second  part  of  an  inch  apart  to  an  eighth  of  an  incb, 
simulating  a  somewhat  disturbed  finidal  surface  cooled.  Id  some 
cases  these  little  furrows  enclose  rounded,  or  somewhat  polygonal 
spaces,  as  two  or  more  systems  seem  to  cross  each  other,  resemb- 
ling the  shrinkage  crack  of  drying  clay,  or  the  basaltic  structure 
of  the  top  of  a  lava  flow. 

(6.)  On  the  other  side,  where  there  are  some  traces  of 
malachite,  this  surface  structure  is  almost  wanting;  but  instead 
of  it  there  is  a  coarse,  but  smoother,  imprint  of  irregular  forms 
that  may  have  been  due  to  the  nature  of  the  rock  or  other  sub- 
stance on  which,  as  a  molten  mass,  it  may  have  lain. 

When,  in  counection  with  these  indications,  it  be  remembered 
that  the  ancient  miners,  who  were  probably  the  ancestors  of  the 
present  Indians,  used  to  extract  the  copper  from  the  rock  by  the 
aid  of  fire,  it  seems  very  reasonable  to  suppose  that  this  piece 
had  been  thus  affected,  and  that  it  had  been  dropped  by  them  in 
their  journey  from  Isle  Royale  to  the  southern  or  western  tribes. 
Such  pieces  were  seen  in  the  hands  of  the  Indians  in  the  16th 
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centary,  by  Gartier  and  Champlain,  One  of  the  chiefs  drew  from 
a  aacb  a  piece  of  copper  a  foot  long  and  gave  it  to  Ghamplain. 
When  he  was  more  qneationed  as  to  its  soarce,  the  chief  answered 
that  they  had  gathered  it  in  lumps,  and  having  melted  it,  spread 
it  out  in  sheets,  smoothing  it  with  stones.* 

This  piece  not  only  appears  to  confirm  the  report  of  Cbamplain 
as  to  the  primitive  methods  of  metallurgy  of  copper,  bat  perhaps 
will  throw  some  light  on  the  so-called  hattiening,  or  tempering, 
of  copper  which  has  been  attribated  to  the  early  miner.  Mr.  P. 
R.  Hoy,  of  the  Wisconsin  Academy  of  Sciences,  argues  that  the 
ancients  did  not  melt  their  copper,  nor  cast  the  implements  they 
made,  but  attrihatea  to  them  the  skill  necessary  for  "swedging" 
hatchets,  &c.,  in  moulds,  hardening  their  edges  by  hammering. 
It  may  be  that  a  slight  alloy  of  silver,  taken  so  as  to  affect  the 
edge  of  the  implement,  could  be  as  readily  made  to  harden  it  as 
the  supposed  pounding  in  the  process  of  swedgiin^. 

Owing  to  doubts  expressed  by  some  aTchEeologists  as  to  the 
genuineness  of  this  find,  on  the  occasion  of  the  reading  of  the 
foregoing  paper  at  the  Ann  Arbor  Meeting  of  the  American  Asso- 
ciation for  the  Advancement  of  Science,  in  the  Snmmer  of  1885, 
the  following  sworn  affidavits  were  obtained  of  pardes  who  were 
concerned  in  handling  it  since  its  discc^ery,  and  of  the  person 
who  found  it: 

SiAiB  OF  Minnesota,  Codntt  op  St.  Louis.— sa. 
L.  Augustus  Taylor,  being  dnly  sworn,  deposes  and  says  that 
be  is  a  resident  of  Duluth,  Minnesota,  that  be  discovered  an  alloy 
specimen,  now  reported  as  the  Greenwood  specimen  in  the  TTni- 
versity  of  Minnesota  Museum,  as  deponent  is  informed  and  be- 
lieves, that  he  discovered  the  same  in  the  year  1883  in  the  Tem- 
perance river  in  the  bed  of  the  stream  about  two  miles  from  the 
mouth  of  the  stream,  and  about  one  mile  from  the  North  Shore 
Silver  and  Copper  Mine  in  Cook  county,  Minnesota.  That  this 
depAuent  gave  the  specimen  to  B.  B.  Spalding  and  is  informed 
by  the  latter  that  he  gave  the  same  to  George  Greenwood  and  that 
no  change  of  any  kind  was  made  in  said  specimen  from  the  time 
this  deponent  obtained  it  until  he  delivered  it  to  said  Spalding, 
L.  A.  Tatloe. 

•roT>g«  dn  StooT  de  Chiinplilii,  Puis,  Iflia,  p.  £46. 
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Sworn  to  and  subscribed  before  me  this  Ist  day  of  October, 
18&5. 

Shubad  F.  Whitb, 
[Kotarial  Seal,]  Notary  Public, 

St.  Louis  Co.,  Min,n. 

State  of  Miitnesota,  Countt  op  St.  Louis. — se. 

B.  6.  Spalding,  being  duly  sworn,  deposes  aiid  says  that  he 
received  the  specimen  of  alloy  mentioned  in  the  foregoing  affi- 
davit from  L.  Augustus  Taylor  wbo  made  said  affidavit  and  de- 
livered  the  same  unchanged,  except  by  the  cutting  off  of  a  piece 
weighing  about  one-half  pound,  to  George  Greenwood  of  Duluth. 
6.  B.  Spaxdinq. 

Subscribed  and  sworn  to  before  me  this  let  day  of  October, 
1885. 

Shubad  F.  White, 
[Notarial  Seal.]  Notary  Public, 

St.  Lonta  Co.,  Minn, 

State  op  Mii^kesota,  County  of  St.  Louis.— ss. 

G«o,  0.  Greenwood,  being  duly  sworn,  deposes  and  says  that 
he  received  the  specimen  referred  to  in  the  foregoing  affidavits, 
from  B.  B.  Spalding,  the  affiant  in  the  last  above  affidavit,  and 
delivered  the  same  unchanged  to  Prof.  N,  H.  Winohell  of  the 
University  of  Minnesota,  and  that  the  same  was,  when  he  last 
saw  it  in  the  University  of  Minnesota  Museum,  within  a  week 
past,  in  the  same  condition  as  when  he  delivered  it  to  said  Prof, 
Winchell,  with  the  exception  of  a  small  hole  since  drilled  in  it. 
G.  C.  Qbbsnwood. 

Sabscribed  and  sworn  to  before  me  this  let  day  of  October, 
1885. 

Shubad  F.  White, 
[Notarial  Seal.]  Notary  Pablic, 

St.  Louis  Co.,  Minn. 
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KEVrSION  OF  THE  STRATIGRAPHY  OP  THE  CAMBRIAN 
IN  MINNESOTA. 


By  K.  H,  WINCHELL. 

In  the  asceat  of  the  Minaesota  ralley  for  the  purpose  of 
geological  examinations,  in  1873,  two  different  formations  of 
limestone  were  met  with,  separated  by  a  white  aandstone.  ThcBe 
were  designated  from  the  towns  at  which  their  characteristic 
outcrops  occurred)  the  Shakopee  limestone,  the  St.  Lawrence 
limestone,  and  the  Jordan  sandstone.  The  thickness  of  neither 
one  of  these  was  known  accurately,  but  the  Shakopee  limestone 
was  said  to  be  "ahoat  seventy  feet,"  the  Jordan  sandstone 
"about  seventy  feet,"  and  of  the  St.  Lawrence  limestone  not 
more  than  fifteen  feet  could  be  affirmed. 

In  subsequent  years  as  the  survey  progressed  southeastwardly 
through  Fillmore,  Houston  and  Winona  counties,  these  three 
parts  were  distinctly  recognized,  and  this  three-fold  division  was 
described  at  Lanesboro,  Troy,  Lewiston  (near  Stockton),  and  in 
western  Wabasha  county.  In  ascending  the  Mississippi  valley  in 
the  progress  of  the  survey,  the  intervening  sandstone,  as  recog- 
nized in  the  southeastern  part  of  the  State,  and  the  Shakopee 
limestone,  gradually  lose  the  development  which  they  were  seen 
to  have  in  the  southeastern  part  of  the  state,  and  the  "Lower 
Magnesian"  as  defined  by  Dr.  Owen,  seems  to  become  one  great 
limestone  stratum  by  the  union  of  the  two  limestones  through 
the  omission  of  the  Jordan  sandstone.  This  omission,  however, 
is  not  found  to  prevail  everywhere  even  in  the  more  northern 
counties,  since  in  Goodhue  and  Washington  counties  this  sand- 
rock  is  plainly  preserved,  and  has  an  observed  tliickhess  of  five 
to  ten  feet,  occurring  in  lenticular  strata. 
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Again,  about  in  the  same  proportion  and  rate  of  progress,  aft 
the  sandstone  separating  the  two  limestones  shrinks  in  thickness, 
another  limestone  is  developed  in  the  Mississippi  bluffs  at  a  con- 
siderably lower  horizon',  increasing  toward  the  north  and  north- 
west. This  change  has  been  thecause  of  some  mistaken  identiS- 
cations  of  stratigraphy  by  the  surrey,  both  in  the  Mississippi 
Tslley  and  in  the  Minnesota  valley,  and  it  is  the  intention  of 
this  revision  to  correct  these,  and  to  exhibit,  briefly,  the  stratifi- 
cation of  this  portion  of  the  Cambrian  as  it  is  developed  in 
Minnesota,  so  far  as  the  facts  at  hand  will  allow.  For  the  pur- 
pose of  adjusting  some  of  the  a|>parent  discrepancies  the  writer 
recently  made  a  cursory  re-examination  of  those  points  in  the 
Minnesota  valley  which  were  likely  to  throw  light  on  the  problem. 
The  stratigraphic  facts  brought  out  by  this  re -examination  are 
expressed  below.  Prior  to  this  Mr.  Upham  had  called  attention 
to  the  great  apparent  thickness  of  the  Shakopee  limestone  as 
developed  by  deep  wells  at  Sbakopee,  which  would  make  it 
parallelize  with  the  chief  limestone  formation  in  the  bluffs  of  the 
Mississippi  at  Hastings,  instead  of  with  the  upper  member  which 
had  been  traced,  nnder  the  name  of  Shakopee  limestone,  from 
Houston  county  to  Hastings,  and  had  shown  by  a  study  of  the 
deep  wells  of  the  central  part  of  the  state  that  a  calcareous  mem- 
ber,  comparable  to  the  St.  Lawrence  limestone  at  St.  Lawrence, 
exists  below  that  which  had  been  regarded  its  equivalent  in  the 
Mississippi  bluffs. 

With  the  facts  ull  in  mind,  it  was  deemed  best  to  make  a 
special  search,  in  the  Minnesota  valley,  for  the  thin  upper  sand- 
stone which  had  been  found  gradually  thinning  out  toward  the 
north,  and  that  overlying  upper  limestone  which  had  been 
identified  since  1873,  as  the  Shakopee  limestone  in  the  valley  of 
the  Mississippi,  and  to  ascertain  their  actual  relations  to  the 
Shakopee  at  Shakopee,  and  to  the  St.  Lawrence  at  St.  Lawrence. 
It  is  evident,  whatever  might  be  the  resnlt,  that  the  extension  of 
the  strata  there  seen,  and  those  only,  would  constitute  the 
Shakopee  and  St.  Lawrence  limestones  in  their  development 
further  southeast  and  east. 

This  search  was  successful,  but  before  the  sandstone  was 
actually  found  in  situ,  a  fresh  examination  was  made  of  the 
quarries  at  St.  Lawrence.     This  was  sufficient  to  show  to  any 
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one  familiar  with  the  lower-most  of  the  limeBtones  of  the  Mis- 
siseippi  valley,  quarried'  at  Lake  City  and  at  Hokah,  that  the 
actual  St.  Lawrence  limeBtone  must  be  parallelized  with  it  and 
not  wjth  the  great  limestone  member  which  forma  the  conspic- 
uous escarpments  of  the  great  valley.  This  is  evident  not  only 
from  its  liihology  but  also  from  its  thickness,  and  from  facts 
which  were  observed  afterward  at  higher  points  in  the  Minne- 
sota valley.  This  being  established,  it  is  evident  that  the  sand- 
stone which  directly  overlies  it  (the  Jordan)  must  be  Ihe  upper 
portion  of  the  St.  Croix  in  the  Mississippi  bluffs,  having  a  thick- 
ness of  nearly  a  hundred  feet. 

Having  thus  once  determined  the  equivalents  of  the  St. 
Lawrence  and  the  Jordan,  in  the  Mississippi  valley,  it  also 
became  evident  that  the  regular  order  would  require  that  the 
principal  limestone  in  one  place  should  parallelize  with  that  of 
the  other,  and  that  hence  the  great  limestone,  as  supposed  to 
e;[ist  at  Shakopee  could  be  no  other  than  the  great  stratum  seen 
at  Hastings, 

The  existence  of  the  great  thickness  of  this  limestone  at 
Shakopee  rests  on  the  uncertain  testimony  of  the  deep  wells 
there  which  have  penetrated  it.  But  although  the  details  of 
these  wells  are  not  obtainable  so  as  to  ehojv  the  possible  exist- 
ence or  non-existence  in  this  limestone  of  any  thin  beds  of 
sandrcck,  yet  they  unite  with  sufficient  testimony  to  demonstrate 
that  there  is  under  Shakopee  village,  extending  far  below  any 
rock  exposed  in  the  quarries,  a  stratum  of  limestone,  or  what  the 
well-drillers  denominate  wholly  limestone,  that  is  entirely  com- 
parable to  that  in  the  bluffs  at  and  near  Hastings,  and  should  be 
parallelized  with  it.  The  quarries  at  Shakopee  involve  only 
from  15  to  20  feet  of  the  uppermost  layers  of  this  stratum,  and 
to  these  layers  the  term  Shakopee  should  be  applied — and  only 
to  these,  or,  at  most,  to  those  underlying  layers  that  extend 
downward  'to  the  thin  sandstone  which  is  known  to  exist,  with 
more  or  less  persistence,  in  this  great  formation,  about  26  feet 
below  its  top  (see  reports  on  Fillmore,  Houston,  Winona, 
Wabasha,  Olmsted,  Goodhue,  Dakota  and  Washington  counties) 
and  which  has  been  supposed  hitherto  to  represent  the  Jordan, 
but  which  is  realty  another  and  distinct  member  of  the  Cambrian. 

It  was  for  the  purpose  of  seeking  for  evidence  of  this  thin 
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sandstone  in  Ifae  Minnesota  vallej'  that  tbe  recent  examination 
was  made.  At  Sbskopee  tbere  is  no  direct  evidence  of  this 
sandstone.  All  the  evidence  there  is  is  that  derived  from  the 
deep  wells,  which  do  not  mention  it;  but  it  iii  well  known  that  S' 
tbin  atratnm  of  sandstone,  only  five  to  ten  feet  thick,  might  be 
pierced  by  a  drill,  in  sinking  a  deep  well  without  the  knowledge 
of  the  operator,  the  difference  in  tbe  chuck  of  the  drill,  and  the 
infrequency  of  pumping  not  being  sufficient  to  detect  it  when 
tbe  underlying  and  overlying  strata  were  similar  and  somewhat 
arenaceous  limestones. 

However,  at  a  short  distance  above  Shakopee,  at  tlie  Louisville 
limekilns,  and  between  them  and  the  river,  before  tbe  appearance 
of  the  Jordan  sandstone  in  the  river,  this  limestone  underlying 
the  city  of  Shakopee  is  significantly  divided  into  two  parts,  each 
part  extending  horizontally  over  considerable  distances  forming 
a  marked  terrace-flat.  These  parts  exhibit  different  outward 
lithological  aspects  and  intimate  stratigrapbic  structure.  The 
upper  one  is  that  which  is  wrought  for  quick  lime  at  tbe  lime* 
kilns  at  Louisville,  and  rises  to  the  hight  of  75-100  feet  above 
tbe  other.  It  is  set  off  markedly  from  the  other  by  a  bluff  which 
is  composed  largely  of  river-terrace  gravel,  and  is  so  hid  by  this 
material  that  its  existence  is  known  only  at  a  few  places.  It 
apparently  existsas  island-like  re Qinants  in  this  region,  since  it  was 
not  found.in  Mr.Jacob  Thorn's  well  situated  in  section  15,Jackson, 
Scott  Co.,  just  east  (a  little  north)  of  tbe  quarries  at  Louisville, 
which  went  through  gravel  and  sand  130  feet,  blue  clay  4 
feet,  and  then  entered  a  reddish  limerock  in  which  the  drill  was 
working  at  a  depth  of  three  feet  at  the  time  of  this  visit,  and 
which  is  the  equivalent  of  the  lower  reddish  rock  seen  in  the  ter- 
race that  separates  tbe  limekilns  from  the  river.  The  thickness 
of  lime  rock  involved  in  this  upper  terrace  of  Louisville  cannot 
be  seen  to  exceed  30  feet,  but  it  rises,  apparently,  about  as  high 
as  the  top  of  Mr.  Thorn's  well,  and  may  exceed  that  thickness. 
The  stone  is  very  irregular  in  its  bedding,  and  like  the  real  Shak- 
opee limestone,  answering  to  the  descriptions,  given  before,  of 
the  exposures  at  Shakopee,  at  (or  near)  Quincy,  in  Winona 
county,  and  at  Korthfield.  The  beds  undulate,  swell  out,  anas- 
tomose, become  vesicular,  then  compact,  change  to  shale  which 
is  green,  are  interbedded  with  shale,  &c.,  &c.,  and  do  not  resem- 
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ble  at  all  the  main  body  of  limeatone  along  the  Misaiaaippi  bluffa. 
These  roQgh  upper  beds  swing  back  from  the  river  in  their  line 
of  strike,  a  little  to  the  northeast  of  Merriam  Junction,  and  are 
not  known  to  occar  in  outcrops  again,  in  their  entirety,  in  the 
Minnesota  valley.  These  are  the  bed^  which  properly  and 
correctly  represent  the  Shakopee  limestone,  and  they  manifest 
their  tendency  to  retreat  from  sight  here,  and  further  up  the 
Minnesota  valley,  in  the  same  manner  as  they  have  been  seen  to 
do  in  all  places  in  the  Mississippi  valley.  It  is  the  lower  lime- 
stone, that  which  forma  the  lower  terrace  at  Lonisville,  which 
returns  in  force  along  the  Minnesota  valley  above  the  rapids  near 
Carver.  The  only  evidence,  at  Lcaisville,  of  the  existence  of 
any  intervening  sandstone  consists  in  the  fact  of  the  separation 
of  this  formation  into  two  terrace-like  expanses,  one  of  which 
«ontiune3  thence  invisible,  and  the  other  extends  as  an  inde- 
pendent formation  as  far  as  Mankato.  The  disintegrating  action 
of  a  few  feet  of  crumbling  sandstone  in  an  otherwige  homogene- 
ons  limestone  formation,  along  a  great  valley  of  erosion  is  a  well 
known  agent  in  causing  the  retreat  of  the  upper  portion,  in  its 
line  of  strike,  farther  away  from  the  river.  When  the  beds  over- 
lying the  sandrock  are  themselves  more  irregular  and  likely  to  be 
carried  away  on  the  removal  of  the  crumbling  sandrock,  the  re- 
treating habit  of  these  upper  layers  is  easily  accounted  for. 

The  limestone  in  the  lower  terrace,  west  from  the  Louiaville 
kilns,  is  reddish,  resembling  the  rock  at  Kasota,  and  rises  about 
45  feet  above  the  flat  on  which  the  Minneapolis  and  St.  Louis 
railroad  passes  from  Carver,  about  a  quarter  of  a  mile  distatit, 
on  its  course  to  Merriam  Junction.  By  reason  of  the  dip  this 
also  soon  passes  off  eastward,  giving  place  to  the  Jordan  sandstone, 
which  is  conspicuously  exposed  in  many  places.  In  regular  order, 
the  dip  continuing  in  the  same  direction,  the  lower-most  lime- 
stone appears  at  St.  Lawrence,  about  four  miles  further  west. 
At  Belle  Plaine,  the  salt  well  struck  no  limestone.  The  river 
runs  over  the  St  Croix,  presumably,  for  several  miles  above 
Belle  Plaine,  the  beds  of  which  are  so  erosible  that  thev  do  not 
make  their  appearance  through  the  heavy  drifc-sheet  which  pre- 
vails generally  in  that  part  of  the  state.  Xot  mentioning  the 
conjectural  exposure  of  rock  in  the  bluff  at  Rocky  Point,  near 
Blakeley,   which   was  not   visited  on  the  recent  trip,  the  next 
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appearance  of  the  limestones  of  the  valley  is  on  the  west  side^ 
where,  at  Faxon,  and  again  at  points  somewhat  fuither  south, 
in  Jessenland,  are  outcrops  of  thin-bedded  limeroctc,  as  recorded 
in  the  second  annaal  report,  which  appertain,  with  great  proba- 
bility, to  the  horizon  of  the  St.  Lawrence  limestone.  There  is 
no  further  outcrop,  so  far  as  known,  before  reaching  Ottawa, 
where  the  beds  that  are  the  equivalent  of  the  layers  of  the  lower 
terrace  at  Louisville  return  and  are  wrought  by  numerous  quar- 
ries. Considerable  time  was  spent  in  examining  these  quarries, 
where  may  be  found  some  remnants  of  the  Cretaceous  filling 
CHvities  in  the  older  rock  in  the  same  manner  as  at  Mankato. 
These  quarries  show  all  the  characters  of  the  stone  quarried  at 
Easoia.  They  are  underlain  by  a  white  snadstone,  which  dis- 
plays itself  in  the  bluff  to  the  thickness  of  55  feet  (including  the- 
talus)  at  the  quarry  of  Mr.  Schwartz,  three-fourths  of  a  mile 
below  the  station.  This  sandstone  contains  isolated  patches  and 
and  also  some  thin  leaves  or  laminations  of  green  shale  which 
fades  to  white.  It  was  evidently  deposited  in  an  agitated  water,, 
as  it  contains  sodden  changes  in  the  sedimentation -lines,  even 
angular  fragments  of  itself,  one  and  two  inches  across,  that  are 
discordant  with  the  enclosing  sedimentation.  It  may  be  on  the 
parallel  with  that  conglomerate  seen  At  the  crossing  of  Van  Oser's 
creek,  near  Louisville,  in  the  upper  part  of  the  Jordan  sandstone 
where,  (recently)  were  seen  some  pebbles  of  red  granite  over  an 
inch  in  diameter,  and  scales  of  ochery  shale,  or  rusted  soft  rock, 
embraced  in  the  white  sandstone. 

The  limestone  quarried  at  Ottawa  lies  in  heavy  but  undulating 
layers,  similar  to  those  at  Easota,  and  furnishes  a  ficood  building 
stone.  These  are  near  the  bottom  of  the  limestone  to  which  they 
belong.  The  Shakopee  beds  probably  exist  in  the  eastern  and 
southern  (higher)  portions  of  the  Le  Sueur  prairie,  which  thus- 
repeats  the  upper  prairie  at  Louisville,  while  the  fiat  on  which 
Ottawa  is  situated  owes  its  existence  to  the  same  cause  as  the- 
lower  terrace  at  Louisville. 

After  another  interruption  of  five  miles  the  same  horizon  re- 
turns at  St.  Peter,  the  beds  having  a  fair  exposure  in  the  low 
river  bluffs  near  the  asylum.  ■  At  the  highway  bridge  at  St.  Peter 
there  is  no  limestone  preserved^  the  bluff  on  which  the  bndgfr 
rests  at  the  west  end  consisting  wholly  of  sandrock.     On  the  top 
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of  this  saadrock  is  a  thin  deposit  of  reddish  shale  which  amoaDts- 
to  about  four  feet,  as  it  can  be  tracad  back  from  the  river  up  a 
little  ravine.  Back  from  the  river  it  is  lighter  colored.  This  is 
believed  to  be  Cretaceous,  though  there  is  no  evidence  of  it 
except  its  aaamalous  stratigraphic  poaition.  It  may  be  a  repre- 
sentative of  the  shale  overlying  the  Jordan  sandstone  at  the 
cement  works  at  Mankato,  though  at  no  other  point,  north  of 
the  cement  works,  has  such  a  shale  been  seen  immediately  over- 
lying the  Jordan— not  even  in  the  northern  confines  of  Mankato. 
The  limestone  beds  overlying  this  sandstone  were  not  re-exam- 
ined. Some  information  concerning  them  can  be  found  in  this 
report,  at  page  12,  where  tbe  record  of  the  hospital  deep  well  is 
printed.  It  is  probable  that  No.  3  of  that  record  is  the  true  St. 
Lawrence  limestone,  bat  that  it  was  not  wholly  a  magnesian 
limestone;  also  that  the  St.  Peter  rock,  as  quarried  at  the  asylum, 
is  the  equivalent  of  the  Kaaota  and  Mankato  quarries,  and  that, 
hence  the  true  Shakopee  beds  will  be  found  in  the  upper  prairie 
level  back  of  the  asylum,  into  the  composition  and  origin  of 
which  those  beds  enter  with  the  same  agency  as  at  Loaisville  and 
at  Ottawa.  Indeed,  the  prevalence  of  large  northern  boulders 
on  the  hillsides  and  on  the  upper  prairie  flats  back  of  St.  Peter, 
points  to  tbe  same  cause  as  where  they  are  strewn  over  the  Shak- 
opee terrace,  between  Shakopee  and  Louisville,  and  at  other 
places  that  could  he  mentioned,  where  tbe  immediate  cause  there- 
of is  known  to  be  the  underlying  firm  beds  of  magnesian  lime- 
stone. The  sandstone  seen  at  the  old  asylum  quarry  in  1873 
(see  the  second  annual  report,  p.  132),  is  also  now  regarded  as 
Cretaceous.  It  has  not  been  seen  since  1873,  but  the  sandstone 
of  the  lower  Cretaceous  is  well  known  to  cover  all  the  Cambrian 
strata  u  neon  form  ably,  in  this  part  of  tbe  state,  (see  the  report 
on  Blue  Earth  county,  vol,  1,  final  report),  and  traces  of  it  are 
visible  as  far  north  as  the  quarries  at  Louisville,  where  pockets 
of  white  sand  are  found  in  the  upper  portion  and  are  reported 
on  the  top  of  the  quarried  beds  of  tbe  Shakopee.  Similar  patches 
of  arenaceous  Cretaceous  are  found  at  the  asylum  farm  near  St. 
Peter,  and  were  fully  identified  as  such  in  1873.  Second  annual 
report,  p.  177.* 

*CtipU  BmIIt  BimlM  thai  then  is  ■  large  depoult  of  nndftone,  more  or  leu  dtilolegrital, 
probtbirof  Craticeoas  ag«,  )d  Ibe  blulle  MM  oT  lbs  ralJTOKds  at  Mankato. 
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The  river  only  intervenes  between  St.  Peter  and  Easota,  and 
all  tbe  characters  seen  at  the  former  place  are  repeated  at  the 
latter. 

From  Easota  to  Mankato,  a  distance  of  six  and  a  half  miles,  no 
great  change  is  apparent.  The  St.  Peter  and  Easota  terrace 
continues  all  the  way  to  Mankato,  and  its  uniform  composition 
is  manifested  not  only  by  the  outward  terrace-like  aspect,  but  by 
several  important  quarries,  and  by  exposures  along  the  river 
bInCF,  intermediate.  The  difference  between  the  limestone  at 
Kasota  and  Mankato  is  one  of  difference  of  thickness.  At  Man- 
kato the  bluff  contains  an  aggregate  of  about  sixty  feet  of  the 
limestone  corresponding  to  tbe  limestone  of  tbe  lower  terrace  at 
Louisville,  and  at  Easota  this  limestone  shows  not  morri  than 
twenty-one  feet.  In  both  cases  they  lie  on  the  Jordan  sand- 
stone. 

Tbe  most  interesting  observations  respecting  these  limestones 
were  made  at  Mankato.  In  tbe  first  place  owing  to  the  great 
thickness  of  the  quarried  beds,  it  was  probable  that  the  terrace 
north  from  the  city  was  nearly  on  the  level  of  the  supposed  thin 
sandstone  stratum  which  had  been  presumed  to  exist  between 
the  true  Shakopee  limestone  and  the  beds  there  quarried.  Hence 
a  careful  search  was  instituted  for  traces  of  this  sandrock.  It 
was  not  long  before  augular  or  sub-angular  masses  of  white 
arenaceous  quartzyte  were  met  with  in  traveling  over  the  prairie 
north  from  Mankato,  resembling  tbe  angular  pieces  that  have 
been  described  at  about  the  same  horizon,  weathered  out  from 
this  sandstone  in  Winona  and  Houston  counties.  In'  several 
places  were  found  bared  spaces  of  this  white  bard  sandrock,  or 
quartzyte,  forming  tbe  natural  surface  of  the  prairie,  this  being 
wholly  above  the  beds  quarried  at  tbe  city.  In  several  other 
places  still  further  north,  were  found  isolated  low  mounds  of 
magnesian  limestone  rising  three  to  six  feet  above  the  rest  of  the 
prairie,  while  about  their  flanks,  near  the  level  of  the  prairie, 
were  bare  areas  of  the  same  flat-lying,  white,  hardened  sandrock, 
so  situated  as  to  show  that  it  continued  uninteruptedt;  beneath, 
and  formed  the  base  of  the  mounds.  These  mounds  are  there- 
fore remnants  of  the  true  Shakopee  limestone  and  this  hardened 
white  sandstone,  here  not  more  than  four  feet  in  thickness,  and 
sometimes  wanting  entirely  by  reason  of  the  surface  destruction 
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due  to  the  action  of  the  river  in  early  times,  ie  the  vestem 
extension  of  the  thin  aandatone  which  had  been  bo  often 
described  in  counties  further  east  and  styled  Jordan.  Still 
further  north,  and  a  little  farther  from  the  river,  the  limekiln 
which  was  formerly  owned  by  Geo.  G.  Glapp,  sec.  17,  Easota,  is 
probably  based  on  the  limestone  overlying  this  sandstone,  and 
hence  on  the  true  Shakopee.  Further  evidence  of  the  parallelism 
of  these  upper  beds  with  the  true  Shakopee  consists  in  the  fact 
that  the  fossil  described  in  another  part  of  this  report,  Cryptozoon 
minmsotense,  is  found  in  loose  weathered  fragments  on  the 
prairie  on  which  these  mounds  occur,  and  it  has  before  been 
foand  only  in  the  Shakopee  at  Gannon  Falls  and  at  NorthSeld. 
After  the  disco^rery  of  these  facts,  all  the  topography  and  geol- 
ogy tof  the  Minnesota  valley  are  in  harmony  with  themselves, 
snd  with  the  same  in  the  Mississippi  valley.  Some  changes  must 
be  made  in  the  designations  applied  to  the  limestones  in  both 
TallejTs,  and  new  designations  must  be  found  for  the  two  new 
strata  thus  added  to  the  upper  Gambrian .  The  following  general 
diagrammatic  section  will  express  the  comparative  and  correlative 
geology  of  these  beds  in  the  two  great  valleys: 
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Notes  on  the  Foregoing  Figure:  The  St.  Croix  formation  in- 
cludes all  below  No.  i,  and  extends  down  to  the  great  sandstone 
'  which  is  struck  in  deep  wells  at  Red  Wing  and  Lake  City,  and 
appears  at  Hinckley  and  in  the  gorge  of  the  £ettle  river  in  Pine 
-county.  This  lower  great  sandstone  is  more  likely  to  be  the 
Potsdam  of  New  York  state  than  the  sandstone  Ko.  5,  or  any 
part  of  this  section. 

No.  2  is  the  Shakopee  limestone  at  Shakopee,  as  there  exposed, 
and  as  described  in  the  counties  in  the  southeastern  part  of  the 
State,  in  the  reports  of  progress  and  in  vol,  1  of  the  final  report. 
It  is  the  limestone  barned  for  quicklime  at  Northfield  and  at 
Louisville.  It  is  the  same  as  the  Willow  river  limestone,  of  L. 
C.  Wooater.    (Geol.  Wis.,  vol.  iv,  p.  106). 

No.  3  is  a  white  sandstone  which  has  not,  till  recently,  been 
identified  in  the  Minnesota  valley,  but  it  has  been  described, 
erroneou&ly,  as  the  Jordan  sandstone  in  the  sootheastern  part  of 
the  State.  It  was  first  described  at  Lanesboro,  in  1875,  under 
that  name,  but  as  the  Jordan  sandstone  lies  lower  it  is  obviously 
necessary  to  find  some  other  designation  for  this  member.  In 
the  report  of  the  Wisconsin  Geological  Survey  for  1877,  Mr.  L. 
C.  Wooster  describes  a  similar  white  sandstone  in  the  upper 
part  of  the  lower  Magnesian,  near  New  Richmond,  in  Wisconsin, 
and  remarks  that  this  may  represent  the  Jordan  sandstone  of 
'  Minnesota  (as  the  Jordan  had  then  been  described  in  Fillmore 
and  Houston  counties),  but  he  applied  no  designation.  How- 
-ever,  in  the  final  report  of  the  Wisconsin  Survey,  (vol.  iv,  pp. 
106,  127),  Mr.  Wooster  applies  the  term  Neu>  Richmond  beds,  to 
this  sandstone,  and  that  term  might  be  extended,  being  prior  in 
its  correct  application,  to  this  sandstone  in  Minnesota. 

No.  4.  This  is  the  limestone  which  is  generally  known  as  the 
Lower  Magnesian.  It  was  supposed,  till  lately,  to  be  the  actual 
extension  of  the  St.  Lawrence  limestone  into  the  eastern  part  of 
the  State,  and  has  been  so  named  in  the  reports  of  progress,  and 
in  vol.  1  of  the  final  report.  It  has  never  received  a  distinguish- 
ing appellation — except  that  Prof.  Irving  has  styled  it  the  "Main 
body  of  limestone,"  (Am.  Jour.  Sei.,  Jnne,  1S76,  p.  440),  though 
at  Madison,  where  this  term  was  applied,  it  is  no  more  than  85 
-feet  thick.  It  is  the  limestone  which  forms  the  lower  terrace  at 
Xonisville,  which  is  wrought  at  Ottawa,  appears  at  St.  Peter,  and 
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extends  coaspicuously  along  the  Minnesota  riv^r  from  Kasota  to 
Mankato.  Along  the  Mississippi  it  forms  the  precipitoaa  escar p- 
meuta  at  the  tops  of  the  blnfTs. 

No.  6.  The  Jordan  sandstone  is  the  upper  most  member  of 
the  St.  Croix.  The  name  Jordan  was  applied  to  this  in  1873,  in 
the  annual  report  of  that  year.  Prof.  Irving  has  named  it  Madi- 
son sandstone  in  Wisconsin.  (Am,  Jour,  Set.,  June,  1875,  p. 
140.)  This  sandstone  has  been  correctly  described  throughout 
the  Minnesota  valley  in  all  the  reports  of  progress,  but  it  was 
wrongly  identified  in  the  eastern  part  of  the  state. 

No.  6.  The  St,  Lawrence  limestone  was  so  named  in  the 
report  of  progress  for  1873.  It  is  the  same  that  Prof.  Irring 
named,  in  1876,  "  Mendota  limestone."  This  limestone  la 
unfavorably  exposed  in  the  Minnesota  valley.  Its  greatest  thick- 
ness, known  there,  is  only  about  16  feet,  but  it  seems  to  extend, 
with  some  shaty  components,  distinctly  over  a  thickness  of 
abont  30  feet  in  the  Mississippi  valley;  while,  if  the  shaly  beds 
with  which  it  is  associated,  and  into  which  it  seems  to  graduate, 
be  included  under  this  term,  it  will  include  beds  to  the  amount 
of  nearly  200  feet.  This  is  the  chiefly  fossiliferous  portion  of 
the  St.  Croix  formation.  It  is  fuund  at  Red  Wing,  to  contain 
some  new  fossils,  described  in  another  part  of  this  report.  It 
is  quarried  at  Lake  City  and  contains  graptolites,  and  at  Hokah, 
where  it  affords  Dikellocephalus. 

No.  7.  These  shales  and  shaly  sandstones  graduate  upward 
into  the  St.  Lawrence  limestone,  as  above  mentioned.  They  are 
underlain  by  a  gray  micaceous  sandstone  which  is  known  recently 
as  the  Dresbaeh  sandstone,  from  a  town  in  Winona  county, 
where  it  is  wrought  for  construction. 

There  are  therefore,  in  Minnesota  and  Wisconsin,  three  mag- 
nesian  limestones,  and  four  saccharoidal  sandstones,  not  includ- 
ing some  shales  and  lower  sandstones,  involved  in  regular  alter- 
nation in  the  Cambrian,  thus— 
St.  Peter  sandstone. 
Shakopee  limestone. 
New  Richmond  beds. 
Main  body  of  limestone. 
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{Jordan  saadstone.    (Potsdam?) 
St.  Lawrence  limestone. 
Shales. 
Dresbacfa  sandrock.    (Potsdam  ?) 
Shales. 

Hinckley  sandrock.     (Potsdam  ?) 
Red  shales  and  red  sandrock  passing  into  the  Cuprif- 
erous?   (Potsdam?) 
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NOTES  OF  A  TRIP  UP  THE  THIEF  RIVER  AND  AT 
LAKE  MILLE  LACS. 


Bt  r.  L.  WASHBURN. 


MnwTBAPOLis,  Not.  27,  1885. 
Vrof.  N.  H.  Winchell: 

Dbab  Sib. — At  yuur  request  I  send  yon  the  followinf;  accoDQt 
of  the  Thief  River  region  and  append  thereto  a  map  which  may 
be  somewhat  of  an  auxiliary  to  my  necessarily  rather  meagre 
description  of  the  country.  . 

Thief  rirer  forms  part  of  the  southwestern  boundary  of  the 
Hed  Lake  Indian  Reservation,  and  has  a  general  north  and  aonth 
direction.  At  the  northeast  comer  of  T.  43,  R.  155,  it  is  met 
by  Mud  river,  a  small  stream,  10  yards  wide,  a  mile  and  a  half 
long  and  about  2^  feet  deep,  flowing  from  Mud  lake  and  entering 
the  Thief  from  the  east.  My  northward  progress,  as  you  know, 
was  stopped  here  and  I  was  compelled,  by  bad  weather  and  lack 
of  time,  to  tarn  back.  Beyond  this  point,  to  the  north,  the  river 
is  reported  to  be  navigable  for  a  canoe  through  Basil  lake  and  as 
far  as  Thief  lake.  In  other  words.  Thief  river  is  navigable  its 
entire  length,  from  Thief  lake  to  its  mouth,  on  the  Red  Lake 
river. 

Thief  lake  is  a  body  of  water  about  H  miles  long  and  6  wide, 
a  favorite  resort  for  aquatic  fowl.  Its  shores  are  reported  more 
or  less  wooded  with  hard  and  soft  timber  and  much  of  the  shore 
lies  in  nnsurveyed  territory.  At  its  very  northern  extremity, 
bidden  behind  the  point  5  (Poplar  Point),  an  opening  is  found 
which  takes  one  into  Moose  river,  flowing  from  the  north,  which 
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Scat*  Ti  milH  to  on*  Incb. 

SzTUKiTiOKoriHiIlAr~A,Hidl>kci  B,  Thief  Iftkoi  C,  Bull  I>k«;  DD,  TUef  ri<ret  ' 
BK,  MooM  Hvcri  "  vorj  crooksd.  ■iDgglah  nnd  dup  for  a  mllei  rrom  Ita  moatb."  FC,  Red 
Lak*  liTcr;  0,  Had  rlnr:  aboni  10  rirda  vide,  a  (kI  d«p  aod  IK  ml]**  long,  Bo«LDg  from 
Hod  Iftk*  to  Itu  Thiaf  tItbt.  H,  a  mndd^  Htnarj  oT  Hod  liks,  coonecled  nllb  It  bj  a  re«d- 
(towD  ptaaage  eoDUInliig  a  few  eintll  griHj  lelandi  and  opening  Into  Tblet  Hver  bj  a  nar- 
low  paawge  (O  Joit  wide  enoDgh  tor  two  cinoea  to  paei  o»  aooihet. 

1,  a,  3,  4,  G.  larg*  Iilanda  tn  Hud  lake,  nnmbend  In  order  of  ttietr  ralative  ilie.  No.  1  (ihe 
■ouliroMTlalled),  containing  about  IX  lireai  all  the  larger  1*1  aada  apparenllr  haTa  timber 
npon  tbem.    «,T,  B,  emallar  lalandi;  S,  a  graair  knob  or  knoll,  of  wblch  thareeeein  to  be 

■  sn  ■  B,  bigb  bank!  along  Tblet  rlrer,  Juet  after  laaTlng  Tblef  lake,  "«uT«rsdwltb  bud- 
wood  Umbor."  The  oanow  atilp  of  land  (marked  p  p)  belweeu  tbe  lake  and  tbe  Ht«  le 
Goveiad  wllb  oak.  aah  and  aim. 

S,  Poplar  PolDt. 

1 1 1 1 1 1,  lamarae,  and  back  of  it  the  groand  rliN  a  llllle.  e  e  e  e  e,  Impaaaable  maraliT 
laid,  OllMl  with  reede.  mih«  and  tall  gran,  mailing  weet  from  Had  lake  Smilei  or  mora 
^before  atriklng  ilraggllng  Umber. 
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is  said  to  be  a  stream  "  ver;  crooked,  sldgg^sli  and  deep  for  25 
miles  from  its  month  at  Thief  lake,"  from  which  I  infer  that  it 
must  hare  a  total  length  of  40  miles  or  more.  The  coQntr; 
aboat  it  is  as  yet  nnsurreyed. 

Bafiil  lake,  on  the  Thief,  between  Mud  lake  and  Thief  lake, 
has  meadows  and  marshy  land  ,on  both  sides  of  it.  The  banks 
along  Thief  river,  jost  below  Thief  lake  and  between  that  body 
of  water  and  Basil  lake,  are  high  and  "  covered  with  hardwood 
timber,"  and  the  point  of  land  between  Thief  river  and  Thief 
lake  (marked  p  p)  on  the  map,  is  timbered  with  oak,  ash  and  elm. 
Beyond  these  high  banks  on  Thief  river,  t.  «.,  west  of  them,  the 
country  is  marshy. 

Supposing  one  to  be  descending  the  river  in  a  canoe,^  ride  of 
about  26  or  SO  miles  from  Thief  lake  brings  him  to  Mud  river 
and  turning  into  that  stream  he  reaches  Mud  iake  after  a  half 
hour  of  paddling.  This  lake  is  nearly  10  miles  long  and  4  to  6 
wide,  with  an  average  depth  of  4  feet.  The  bottom  is  soft  mud 
but  the  water  is  clear  and  sweet.  The  banks  are  fringed  with 
cane,  rushes  and  wild  rice,  though  the  center  of  the  lake  is  free 
from  each  growth.  The  surface  of  the  lake  is  dotted  with  nu- 
merous islands,  ten  or  more.  Some  were  grassy  knolls  or  knobs 
rising  from  the  water  (as  No,  9),  while  others  attain  the  hight 
of  three  or  foar  feet  Above  the  surface,  contain  an  acre  or  more 
of  land,  and  are  covered  with  tall  timber.  On  the  northeast  side 
of  Mod  lake  is  a  dense  forest  of  tamarac  and  back  of  it  slightly 
rising  ground.  Island  No.  1  was  the  only  one  visited,  rough 
weather  during  my  short  stay  there  not  allowing  of  much  canoe- 
ing. This  island  contained  aboat  an  acre  and  a  half  and  was 
covered  with  ash,  elm,  willow,  and,  I  think,  oak.  In  places  on  it 
I  found  large  limestone  rock;  its  beaches  were  composed  of  a 
clayey  sand,  and  from  its  northern  end  ran  a  large  sand-bar,  on 
which  were  a  few  granite  boulders  about  four  feet  in  diameter. 

The  islands  are  apparently  more  numerous  at  the  eastern  end 
than  near  the  outlet  on  the  northwestern  shore,  and  I  have  so 
indicated  them  on  the  map. 

The  muddy  estuary  H.  on  the  west  end  of  the  lake  and  con- 
nected with  it  by  a  very  shallow  weed-grown  passage,  has  a 
depth  scarcely  twelve  inches,  contains  numerous  low,  grassy 
islands,  roosting  places  of  aquatic  fowl,  and  opens  again  into 
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Thief  rirer,  abnnt  a  mile  below  the  moath  of  Mad  river  by  a 
narrow  passage,  which  I  have  marked  (i)  on  the  map,  just  wide 
enoDgh  for  two  canoes  to  paaa  one  another. 

Paddling  down  the  Thief  from  the  mouth  of  Mad  river,  one 
reaches,  in  a  few  minutes,  the  narrow  opening  (i)  through  which  a 
glimpse  of  the  maddy  estaary  H  is  obtained.  Continuing  down 
stream,  the  canoe  gliding  swiftly  along  with  the  current,  the 
banks  are  lined  for  a  distance  of  about  twenty  milea  with  tall 
cane,  six  or  eight  feet  high,  which  stretches  back  some  distance 
from  the  river.  This  occurs  on  both  sides  but  is  rather  more 
abundant  on  the  Reservation  side.  On  this  part  of  the  river 
there  is  no  timber  with  the  exception  of  a  little  scrub  willow, 
mostly  at  a  distance  from  the  stream. 

ATter  that  distance  of  twenty  miles  has  been  passed  however, 
and  after  going  through  a  region  which  has  been  burnt  over  and 
has  dead  tamarac  standing  upon  it,  the  timber  is  continuous, 
almost  entirely  on  the  Beaervation  side,  for  a  distance  of  ten 
miles  or  more,  to  Red  Lake  river  into  which  the  Thief  empties. 

This  timber  consists  of  willow,  poplar,  elm,  ash,  sugar  maple, 
and  oak,  with  small  growth  of  Prickly  Ash  (Xanthoxylum  amer- 
icanam),  hazel  bushes,  high  bush  cranberries  (Viburnum  opalus), 
wild  plums  (Prunus  smericana),  wild  grapes  and  rosebushes. 

On  the  opposite  side  of  the  river,  most  of  the  land  of  any 
value  has  been  claimed.  The  farms  are  comparatively  few  in 
namber,  "however,  the  land  being  so  covered  with  brush  that 
farmers  have  a  hard  time  to  obtain  a  living  therefrom. 

The  river  gradually  widens  from  a  width  of  ten  yards  at  the 
entrance  of  Mud  river  to  aboat  thirty  yards  at  its  month  on  the 
Red  Lake  river.  The  current  is  fairly  strong  and  the  average 
depth  is  about  two  and  one-half  feet.  In  places  there  are 
rapids  where  occur  large  boulders  of  granite  (from  two  to  four 
feet  in  diameter)  and  limestone  rock.  These  rocks  and  boulders, 
however,  are  not  found  in  the  river  as  one  approaches  Mud 
lake.  The  bed  of  the  river  is  sandy  with  gravel  in  some  places 
and  the  banks  are  clayey  mud  with  occasional  small  fragments 
of  limestone.  The  water  of  the  river  is  slightly  yellowish,  and 
at  date  of  visit  (Sept.  ])  very  cold.  At  the  month  of  the  river, 
there  is,  or  waa  this  fall,  an  encampment  of  Red  Lake  Indiana, 
and  about  eight  miles  up  stream  is  another  village  which  subsist 
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on  fish  and  game,  the  former  procared  from  a  stone  fish  trap 
which  runs  across  the  river  here  iQ  the  shape  of  a  Y,  the  point 
down  stream.  This  is  easily  passed  in  a  canoe,  however  by 
temporarily  remoring  a  number  of  branches  and  rock,  on  one 
side.  On  oar  way  to  Mud  lake  we  passed  the  remants  of  several 
of  these  traps  that  had  been  used  for  a  time  by  the  Indians  and 
then  abandoned. 

The  only  drawback  to  this  coantry  becoming  a  favorite  resort 
for  sportsmen  is  its  inaccessibility,  for  though  it  is  comparatively 
easy  to  get  to  the  moutb  of  the  river,  going  by  rail  as  far  as  St. 
Hilaire,  and  then  teaming  to  the  mouth,  a  distance  of  18  miles, 
the  transportation  of  camp  equipage  to  Mnd  lake  or  beyond  is  a 
matter  of  no  small  difficulty.  There  are  but  few  farms  along  the 
river,  the  last  one  being  situate  about  20  miles  from  the  mouth. 
The  people  are  very  hospitable  however,  and  never  refuse  a  lodg- 
ing, such  as  it  is,  to  belated  or  weatherbound  travelers.  Again, 
thoDgh  Mud  lake  lies,  in  a  straight  line  only  16  miles  from  the 
mouth  of  Thief  river,  the  country  around  the  lake  is  of  such  a 
marshy  nature,  that  teams  can  approach  only  within  about  10 
miles  of  the  lake  on  the  Thief. 

These  difficulties  surmounted  however,  the  large  number  of 
aquatic  fowl  along  the  river  and  at  the  lake  would  amply  repay 
an  enthusiastic  sportsmati  for  his  trouble. 

Very  truly  yours, 

F.  L.  Washbork. 


Aftio  notes  on  Otter  Tail  County  and  Lake  Mille  Laca— Topog- 
raphy—Archoeology,  etc. 

Otter  Tail  County:  The  abundance  of  flint  arrowheads  and 
fragments  of  ancient  pottery  throughout  this  county  I  noticed 
particularly,  though  for  that  matter  these  relics  are  abundant 
throughout  the  State,  I  believe.  The  pieces  of  pottery  that  I 
saw  contained  specks  of  pure  silver,  and  scientists  and  many 
others,  not  scientists,  when  visiting  that  country  have  sought  long 
but  fruitlessly  for  the  clay  beds  whence  material"  for  this  pottery 
was  obtained,  thinking  to  find  therein  a  boundless  wealth  of  the 
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Lake  MiUe  Lacs:  The  conatr;  east  of  Brainerd,  tovard  Mille 
Laca,  is  rather  bleak  and  dreary.  Patches  of  second  growth,  and 
scrubby,  boahy  timber  characterize  the  first  part  of  the  way, 
with  an  occasional  long  meadow  filled  with  coarse  wild  grass. 
On  our  ride  frequent  belts  of  middling  sized  poplar  were  passed, 
and  as  we  approached  lake  Mille  Lacs,  we  met  with  more  timber, 
oak,  maple,  birch,  butternut,  "butternut  hickory"  and  soft  pine, 
tamarac  and  spruce  with  some  Norway  and  Jack  pine.  The  dis- 
tance from  Brainerd  to  the  lake  is  about  25  miles,  and  the  road, 
which  near  the  town  is  comparitively  good,  as  it  approaches  the 
lake  becomes  rough,  stony,  and  somewhat  hilly. 

Lake  Mille  Lacs,  on  account  of  its  large  size  and  the  sameness 
of  its  shores,  is  not  as  attractive,  I  think,  as  many  smaller  lakes 
seen  in  Otter  Tail  county.  Along  the  northwest  shore  the  water 
is  very  shallow  and  the  beach  is  sandy,  and  on  the  southeast 
shore,  at  one  place  the  depth,  for  a  mile  from  shore,  does  not  ex- 
ceed three  feet.  In  other  places,  however,  as  on  the  south  shore 
and  along  the  north  shore,  the  land  is  high  and  the  banks  are 
very  precipitous  and  rocky,  and  the  water  close  to  shore  is  deep. 
Along  the  northwest  shore  for  a  distance  of  two  miles  or  more 
is  a  very  regular  ridge,  about  20  yards  above  the  level  of  the  lake, 
which  with  the  beach  makes  a  very  well  formed  terrace,  although 
probably  formed  by  glacial  action. 

Kear  the  southeast  shore  of  the  lake,  about  a  mile 
from  the  land,  there  is  said  to  be  a  broad  granite  ledge  perfectly 
flat  on  top,  which,  at  low  water  is  about  three  feet  above  the 
surface  and  at  high  water  just  below  the  surface.  Another  out- 
crop of  this  granite  is  seen  in  townships  south  and  west  of  the 
lake.  Three  barren  and  rocky  islands  a  short  distance  from  the 
southeast  shore,  the  largest  one  containing  about  three-fourths 
of  an  acre,  and  known  as  Stone  island  (called  Spirit  island  by 
the  Indians)  form  breeding  places  for  countless  gulls. 

In  conversation  with  Mr.  Johnson,  an  old  salt-water  sailor, 
who  has  lived  on  the  lake  for  nine  years,  I  learned  that  the  Indi- 
ans have  never  seen  the  lake  so  low  as  it  is  now. 

Johnson  is  of  the  opinion,  too,  that  Rum  river  has  not  always 
been  the  outlet  from  the  lake,  but  that  years  ego  the  water  found 
an  exit  by  way  of  Knife  river,  some  mites  east  of  Rum  river. 
Although  the  £nife  is  now  hut  a  small  brook,  he  says  that  the 
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broad  meadow  overgrown  with  tamarac  which  extends  manr 
miles  on  both  Bidee  of  the  stream,  shows  indicatioaa  of  at  one 
time  being  the  bed  of  a  large  stream,  and  also  says  that  on  the 
high  banks,  at  the  edge  of  the  meadow,  he  has  found  smooth, 
watarwom  boulders. 

His  theory  is  that  at  some  former  time,  when  the  water  in  the 
lake  was  much  higher  than  it  is  now,  not  only  did  a  stream  ran 
down  the  Knife  river  bed,  but  the  Water  must  have  broken  over 
the  high  banks  then  existing  on  the  shore  of  the  lake  at  Rum 
river  and  cut  ita  way  down  tbrongh,  eating  out  the  channel 
which  is  now  Rum  river  and  cutting  it  down  so  low  that  its  bed 
was  below  the  bed  of  Knife  river,  so  that  now,  the  lake  being 
mnch  lower  than  formerly,  the  Rum  river  channel  receives  what 
water  flows  out. 

Quoting  from  my  diary  of  Nov.  8,  I  here  write  down  the  sub- 
stance of  a  conversation  held  with  Mr.  0.  E.  Garrison,  at  lake 
Mille  Lacs: 

"South  of  lakeMille  Laca,  at  the  very  edge  of  the  lake,  and  run- 
ning southwest  from  Lake  Superior  to  the  southwestern  part  of 
Minnesota  and  beyond,  is  a  line  of  granite  which,  theory  says, 
is  made  by  upheaval.  In  places  it  is  covered  with  a  layer  of 
sandstone  of  the  nature  of  drift.  Again,  in  T,  24,  R.  43,  accord- 
ing to  Garrison's  map,  near  the  center  of  the  square,  is  a  mass 
of  granite,  somewhat  elevated,  with  a  fissure  on  the  notthem 
side.  In  this  region,  two  summers  ago,  about  July  15th,  Garri- 
son was  surveying  with  a  friend  and  they  found  in  that  fissure, 
even  at  that  date,  a  large  amount  of  solid  ice." 

Mr.  Garrison  lives  upon  an  old  battle-field  of  the  ancient 
monnd-buildere.  Just  back  of  his  house  are  three  mounds  which 
would  indicate  that  hostile  tribes  had  a  fight  there  at  one  time, 
and  that  the  dead  were  interred  on  the  spot.  Running  south- 
west from  the  mounds  is  an  almost  obliterated  ridge  ayeraging 
three  feet  in  height.  This  ridge,  he  thinks,  was  at  one  time  an 
old  fortification  of  the  mound-builders. 

The  largest  of  these  three  mounds  is  forty  feet  in  diameter  and 
from  ten  to  fifteen  feet  high.  This  was  opened  a  year  ago  and 
numerous  skeletons  found  sitting  upright,  and  so  old  that  the 
thin  pieces  of  bone  crumbled  away  as  soon  as  touched.  In  the 
same  mound  were  found  stone  implements  and  weapons,  and 
some  potterr. 
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reealts  of  certain 
Geological  Survey, 
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48.47  per  cent. 
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3.80  " 
18.87 
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.16  " 

.21  " 


0.40 

Tell  at  Brown's 

GralDi  per 
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.7583 

.0233 

.0408 

3.0215 

1.6270 

-     84.7302 


TST.CPO,), ..  5.00 

Sodium  chloride,  NaCl 912.70 

Potassium  chloride,  KGl traces. 

Carbonic  acid,  Got traces. 

Nitrates traces. 

Total  mineral  matter 2464.10 
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Test  for  organic  matter,  with  permanganate  of  potash,  amonnt 
of  oxygen  consumed,  1.63  parts  per  million. 
This  water  is  remarkable  for  the  large  amount  of  sulphates. 
Chem.  Seriea  No.  176.    This  number  was  a  sample  of  cupri- 
ferous rock.    Tt  was  assayed  by  myself,  for  gold,    silrer  and 
copper.     The  results  of  the  assay  were  as  follows: 

Gold ^  Troy  oonce  per  ton. 

Silver ^     "        "         " 

Copper -i^  of  one  per  cent. 

Chem.  Series  N'o.  177.     This  was  also  a  sample  of  cupriferous- 
rock.    It  was  assayed  with  the  following  results : 

■  Gold tJj  Troy  onnce  per  ton, 

'   SiWer jV      "         "  " 

Copper jViT  of  one  per  cent. 

Chem.  Series  No,  ITS.     Eaolin  brought  by  Col,  J.  B.  Clongh  ia 
February,  18S6. 

Silica,  SiOj 49.66  per  cent. 

Alumina,  A1,0, 87,29      " 

Peroxide  of  iron.FejO,... 76      " 

Lime.CaO '. 61      " 

Magnesia,  MgO 02      " 

Potash,  KgO 1.23      " 

Soda,  Na,0 71      " 

Water,  H,0 9.72      " 

Carbonic  acid,  Co,... traces. 

Organic  matter ..: traces. 

10003 
The  analysis  shows  that  this  is  a  kaolin  of  good  quality.    It'is 
comparatively   Free  from  oxide  of  iron   and  lime.    The  small 
amounts  of  oxide  of  iron,  lime,  magnesia,  potash  and  soda  would 
not,  in  my  opinion,  interfere  with  its  use  for  the  usual  porposea 
to  which  kaolin  is  applied.     The  water  reported  in  the  analysis- 
belongs  to  the  chemical  compoeitioD  of  the  substance  and  would 
only  be  expelled  by  burning.     The  mineral  was  analyzed  after 
drying  at  a  temperature  not  exceeding  100  degrees  centigrade. 
Very  respectfully  yours, 
Jaues  a.  Dodos, 

Professor  of  Chemistry. 
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ORNITHOLOGY. 

BGPOBI  OF  DB.   F,   L,  HA.TCH, 

Prof.  N.  S.  Winchell: 

Dbas  Sib  : — I  ha?e  the  honor  to  report  that  while  relaxing  no 
measures  hitherto  employed  in  the  acqnisition  of  all  information 
possible  relating  to  the  avi-faunee  of  the  state,  I  am  pursuing  the 
preparation  of  a  report  as  fast  as  the  oneroas  demands  of  my 
other  duties  will  permit. 

.  By  personal  obserrations,  and  a  somewhat  extended  corres- 
pondence with  gentlemen  competent  to  communicate  reliable 
.  information  in  different  parts  of  the  state,  together  with  the 
invalnable  aid  of  Mr.  F.  L.  Washburn,  who  spent  some  time  in 
field-work  last  fall  in  the  Ked  Aiver  Valley,  I  am  able  to  report 
progress  in  still  accumulating  valoable  facts  to  be  embodied  in 
the  report,  which  but  for  reasons  kno^n  to  you,  and  a  prolonged 
detention  by  sickness,  would  have  ere  this  been  closed.  The 
labor  has  been  much  greater  than  my  experience  had  anticipated, 
especially  in  consideration  of  the  impossibility  of  consecutire 
engagement  id  it.  I  hope  now  before  a  great  while  to  finish  the 
land  birds,  and  enter  upon  the  water  birds,  which  will  be  rery 
much  less  Tolnminous. 

Very  respectfully  yours, 

P.  L.  Hatch. 
1015  Mary  Place,  June  1st,  1886. 
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APPENDIX. 


NOTES  ON  SOME  DEEP  WELLS  IN  MINNESOTA. 

(OaniiiHitd/rtm  pagt  IB) 

Ths  deep  well  at  Albert  Lea.  The  drillings  from  this  well, 
■which  is  300  feet  deep,  were  fumiehed  by  mayor  A.  C.  Wedge. 
The  well  waa  made  by  Mr.  Swanson  in  the  summer  of  1885. 
This  well  is  situated  in  the  high  level  near  the  business  portion 
of  the  city,  and  the  water  stands  at  22  feet  below  the  surface. 
About  60  rods  from  this  well  Mr.  William  Morin  sank  another, 
beginning  at  a  lower  level,  in  the  bed  of  what  was  once  Spring 
lake,  and  penetrated  to  the  depth  of  204  feet.  Flowing  water 
in  this  well  was  obtained  at  120  feet,  but  the  well  was  con- 
tinued deeper  with  a  hope  of  getting  a  stronger  flow.  The 
discharge  is  about  400  barrels  per  day,  of  good  quality  and  a 
temperature  of  50  degrees,  Fah.  The  drillings  of  this  well 
have  not  been  examined,  but  it  is  the  opinion  of  mayor  Wedge 
that  the  strata  struck  proved  to  be  about  the  same  as  those 
given  below  as  far  as  the  drill  penetrated.  The  water  is  ap- 
parently of  the  same  quality.  The  iron  films  from  the  depth 
of  165  feet  were  derived  from  a  bucket  which  became  fast  in 
the  well  and  was  drilled  out. 

I.    Mas.  R^.  Nd.  eiSl.  Drift  gnival  UnCBlf  limMtton,  from  lbs  daptti  of. I 

!.  Oriri«nd«nd  srnm.Ttoia SEItet. 

I.  Drinmnd.  nulnlyqmrti,  nroiD I< 

,.  Drift  itstbL  nnd  wnd,  from lIltMt. 

i.  Drill  Mnd,  ftom 113 

t.  Drift  Bind,  wltb  mignsiiu  llmntoM,  ITom 114 

'indSISS,  HaguMMnllmeiloDe  loil  Hod,  from HE 

>.  Drift  wiid,i*UhaaauI1nMtoi.«,I^Din 130  l«st. 

I,  Mignnlim  JEmiitoiie,  wltti  ■  hwgmliiior  driftMDd,  fh>iii..ll 

.  lilght-fray  itiile,  allgtitlr  eflbrrmcliiB, II 

I.  ..  «  ..  u  UVtpet. 

:.  BtttBVd  Alms  of  mililUc  Iron,  lomewbX  rut^  (^om Iff  lOot. 

I.  QrtLf  ihilt,  Mnd7,eBl9rTMdLg,wlthaomsfllin(Df  [ron.from.ll 

>.  Ony  (hala,  from I< 

I.  Ormy  riiile,  Mm  i: 

.  CBlurraiu  ibile.  narly  wblla,  from OOtaat. 

I.  Compact,  light- colond  llmatoDa,  mlud  with  iom«  dritt-nnd 

lom*  mnicMiDi  ■tratam,  from .230  (M. 
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liiC«  have  ■  mlxBd  cDrnpoaltlon;  thoogli  inalBlr  oTmiK- 

dlOWnal  gnlD  nod  colore  al»  cootaJiunff  conildBrtblfl 

d  flna  crjgUIi  or  (lllca  nftnble  to  Kcodo)  In  ths  rock; 

■Unclly  inn Bcnaa,  from .SUlatt. 

If  wblW  qou-tz  WDd.  romidsd  Ind  alu  angnliir;  tba 

■tons,  mdltr  «IIttTM0lBg|  both  an  In  flu  graliu  ind 
aiBftM. 

■  ■•  tha  tut,  from i07  fM. 

lUllHlut,  Trom MO  hot. 

If  ■  harnDgBosDiu,  buff,  magnnlaii  llmMtone,  vith  aome 

HIIM. 

Irtlllngi  coDdxt,  raalnJr  of  tha  miuf,   Ugbt-buff  mag. 

I  italn  alao  Danwroua  pleoM  or  a  dark  Mrtbr  ah«U,  not 

i*|]bto,troin 913  hot. 

•h-bnlT  DUjpwalan  UnmlOMk  irllb  Kma  Aiisniant*  of 

Koa  ronndnl  land,  (roB MShet, 

aa  tba  but.  (bnn CSOfMt. 

iain«  vlthont  alUM  and  Mad,  (ran... SSlOat. 

lab-bn^  compact,  misnealau  llmaatona,  from .ISeiM. 

am*,  rrom MOteU. 

ah-bna;  compaut,  mafnaalui  llnMstooat  mottlad  wllta 

Mtltot. 

ame,  wUhoat  gn;  mottllaci.  bnt  wUb  aoma  cbwt  and 

270 IM. 

l-gra;  to  bnS^ OTTatalUns  magoealan  llmeatons,  wllb 

lamenti,  n^im 9TC  hat. 

DagDaalan  llmeatoiM,  from SWUat. 

'boff  maguealaa  llmaatona,  aoma  oT  tbe  drilUaga  batng 

d,  naambllnga  Ugbtgn;  abala,  (hun SSfifM. 

tiar,  balT.  magoaaUn  Jlniastona,  raambUug  Iba  nppcr 

looa,  rrom SOOIbat. 

to  serve  as  a  guide  in  assigaing  these 
leir  geological  horizon.  There  is,  in  the 
ickness  of  about  186  feet  of  limestone 
very  much  lithologically,  extending  from 
It  is  shaly  in  some  places,  and  also  arena* 
ters  would  not   preclude  the  Galena  lime- 

iBfc„m,,  „  ^a  viiuught  to  be   the  most  probable  rock  in  that 

geographical  area.  If,  however,  the  Devonian  limestones  ex- 
tend as  far  north  as  Albert  Lea,  these  beds  conld  all  be  assigned 
to  that  age,  as  far  as  their  lithology  is  concerned,  except  Nos. 
33  and  34  which  have  a  greater  resemblance  to  the  Niagara. 
This  would  bring  the  Devonian  upon  the  upper  Silurian,  as 
supposed  in  the  deep  well  at  Austin.  The  shale  extending 
from  155  to  220  feet,  a  thickness  of  65  feet,  would,  in  that  case, 
represent  the  Austin  rock,  and  the  mixed  and  arenaceous  beds 
extending  from  220  feet  to  240  feet  would  parallelize  with  the 
conglomerate  of  the  Austin  well.  There  would  be  then  45 
feet  of  magnesian  limestone  in  the  Albert  Lea  well,  below  the 
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conglomerate  horizon,  before  the  lithology  of  the  Niagara  is 
recognizable.     This  would  fall  into  the  upper  part  of  No,  8  of  , 
the  Austin  well. 

Jostph  Gear's  well,  near  Morristown,  Sice  County.  This 
peculiar  well  was  noted  in  the  fiaal  report  on  Rice  county,  (vol. 
i,  p.  671.)  It  ia  in  N.  £.  i  sec.  33,  Morristown.  In  a  recent  com- 
munication  Mr,  Goar  gives  more  particulars  concerning  the 
action  of  this  well. 

It  was  dug  fourteen  years  ago,  to  the  depth  of  seventy  feet. 
At  about  twenty  feet,  sand  was  struck  with  occasional  beds  of 
grAel,  largely  consisting  of  limnatooe.  At  fifty  feet  a  sound 
resembling  escaping  steam  was  heard.  The  well  being  curbed  as 
fast  as  dug  little  more  was  heard  or  noticed  of  this.  Water  to 
the  depth  of  sixteen  or  eighteen  inches  waa  secured.  The  well 
was  open,  water  being  drawn  by  a  bucket.  In  winter  the  bucket 
would  freeze  fast,  and  finally  the  whole  surface  was  permanently 
frozen  solid  till  warm  weather  came  again.  Then  it  waa  found 
that  when  the  wind  was  strong  from  the  north,  or  a  little  east  or 
west  of  north,  water  could  not  be  got,  but  a  few  hours  wind 
from  the  south  or  southeast  would  insure  plenty  of  water.  At 
first  it  would  look  as  if  it  had  been  agitated  by  wind,  but  soon  . 
became  clear.  Small  black  frogs,  "with  feet  like  chickens,  no 
web  between  the  toes,"  were  sometimes  drawn  up,  were  said  to 
have  been  drawn  up  often.  These  were  so  small  they  would  get 
inside  the  links  of  an  old  fashioned  trace  chain. 

More  lately  the  well  has  been  sunk  about  five  feet  deeper,  an 
iron  pump  and  pipe  pat  into  it,  and  filled  up  about  seventeen  feet 
with  gravel  and  the  opening  at  the  top  covered.  It  is  now  found 
that  a  strong  current  of  air  passes  sometimes  in  and  sometimes 
-out  of  the  top.  The  water  is  clear  and  softer  than  the  common 
-well-water  of  the  country  round.  By  keeping  the  well  closely 
■covered  there  is  but  little  trouble  from  freezing.  When  it  blows 
out  it  thaws  everything  about  the  top.  The  force  of  air  going  in 
or  out,  if  confined  to  a  small  vent,  has  been  heard  at  a  distance  of 
a  hundred  yards. 

This  can  only  be  explained  by  supposing  some  connection  with 
the  surface  through  gorges  in  the  rock,  or  through  some  gravel 
"bed.    The  condition  of  the  surface  of  the  country,  in  Morristown, 
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prior  to  the  drift  epoch,  may  have  been  somewhat  like  that  in 
Winona  and  Houston  counties,  and  after  the  deposition  of  the 
■drift  some  aabterratiean  passages  vere  still  unfilled. 

The  Tracy  deep  well.  This  well  was  drilled  by  Mesars.  Swan 
and  Stacey,  in  the  winter  of  1885-68.  Its  depth  is  721  feet  four 
inches,  and  penetrates  the  granite  about  thirty-one  feet.  Water 
'  was  found  at  about  one  hundred  and  fifty  feet,  which  rose  to 
within  about  thirty-seven  feet  of  the  surface.  It  did  not  ap- 
parently  change  in  respect  of  hydrostatic  pressure  after  it  was 
first  struck. 

Through  the  courtesy  of  Hon.  W.  0.  Masser,  president  of 
the  village  council,  and  the  co-operation  of  Messrs.  Swan  and 
Stacey,  the  subjoined  record  of  the  depths  of  the  different  strata 
'Of  this  well  has  been  obtained.  This  record  was  accompanied 
by  a  set  of  drillings,  and  from  these  the  writer  has  made  oat  the 
descriptive  notes.  The  corresponding  numbers  of  the  musenm 
register  are  6492  to  6516. 
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The  moyt  interesting  ttxiog  about  this  record  is  found  in  Nos. 
4,  5  and  6.  Here  we  find,  separating  the  drij^  from  the  more 
eTtdent  cretaceous  beds,  a  remnant  of  the  old  soil  which  accu- 
mulated on  the  Cretaceous  rocks  during  the  Tertiary  age.  There 
are  two  gravelly  deposits  separated  by  a  fine  blue  clay.  This 
clay  may  be  a  representative  of  the  Tertiary.  The  lower  gravelly 
bed,  containing  much  slag  and  coarse  gravel,  can  be  supposed  to 
have  accumulated  on  the  Cretaceous  after  the  withdrawal  of  the 
Cretaceous  ocean;  the  slag  coming  from  the  combustion  of  the 
lignites  contained  in  the  strata,  in  the  same  manner  as  seen 
at  the  present  time  in  Dakota  and  Montana,  producing  many  of 
the  phenomena  of  volcanoes.  After  a  submergence,  and  the 
accumulation  of  twenty  feet  of  (Tertiary  ?)  blue  clay,  another 
soil  accumulated  over  the  blue  clay  similar  in  all  characters  to 
the  former.  On  this,  afterward,  was  brought  the  glacial  till  by 
the  operations  of  the  post-Tertiary  age.  This  history  is  indicated 
by  the  presence  of  these  igneous  particles  in  the  drillings  from 
this  depth,  and  it  is  no  more  than  might  be  expected  from  the 
abundant  ashes  and  charcoal  that  accompany  the  Cretaceous 
lignites  in  their  expoaures  at  and  near  Redwood  Falls.  These 
particles  of  slag,  however,  may  have  been  adventitiously  intro- 
duced in  the  drillings  from  some  coal-stove  or  other  fire-box; 
and  this  is  sirengthened  by  the  fact  that  in  No.  i  is  also  found  a 
fragment  of  an  eight  penny  nail  of  iron. 

The  deep  well  at  Gibbon,  an  the  Minneapolis  and  St.  Louis 
•  raUieay.    Sec.  2,  T.  112,  R.  31,  Sibley  Co. 

This  was  drilled  by  the  Minneapolis  and  St.  Louis  railway,  and 
Mr.  W.  6.  Hixson  has  supplied  the  following  facts : 

I,    Bine  clay,  drr,  vt(h  ■mall  gravcl-slODCt  and  do  occulonBl  bonMer i7SfMt. 

S.    Band,  vrlib  water  wb!ch  rcn  torl7  or  Arty  feel  slKiTe  ihe  aand:  al»  coatatDlDK 

rem  at  Di  of  wood,  having  Iha  appearance  of  moderti  drtri-wood  (CitlG  iDdeni))    10  feet. 
8.    nert  giaElie  (»fcT) SOfeel. 
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Cryptozoon  miriMsotenae,  n.  sp S13 

1,  View  of  the  exterior  of  a  large  specimeD  showing  a  section 

of  the  Laminte  where  a  segment  of  the  surface  has  been 
removed;  also  the  undulating  or  knobbed  upper  surface 
of  the  laminte.  From  a  photograph,  reduced  from  the 
natural  size  to  about  one-fourth. 

2.  View  of  the  same  specimen  showing  the  base,  reduced  to 

one>fourth  the.  natural  size,  from  a  photc^aph.  This 
specimen,  as  represented,  ia  coated  on  the  bottom  with  a 
layer  of  calcareous  tufa,  which  renders  the  concentric 
ridges  much  less  eTideut  and  continnous. 
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EXPLANATION  OF  PliATE  it. 

Cryptozoon  minnetdense,  n.  sp 313  - 

3.  View  of  a  thia  section,  perpeadicalar  tothelsmiiue;  natural 

size, 

Cryptozoon  minneti^ense,  ykt  libertatU,  a.,  var 314 

4.  External  appearance  of  an  ordinary  specimen;  nataral  size. 

The  upper  end  is  nearly  entire;   the  lower  end  shows  a 
section  across  the  concave  base. 

Bhifnehontlia  ainslUi,  n.  sp 315 

5.  Front  view  of  a  mature  specimen;  natural  size. 

6.  Fro61e  view  of  a  mature  specimen;  nataral  size. 

Ortkia  remnicha,tk.Bp 31T 

7.  External  view  of  the  larger  valve;  nataral  size. 

Orthis  san^bergi,  u.  sp 318 

8.  Cast  of  the  exterior  of  the  larger  valve;  natural  size. 

9.  Cast  of  the  interior  of  the  larger  valve;  nataral  size. 
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PUBLICATIONS  OP  THE  (iEOlOOrCAL  AND  NATURAL 
HISTORY  SURVEY  OF  MINNESOTA. 


I.     AKinJAL  BBPOKIS. 

I^B    FlKBT    AMUVAL    BirOBT    OK  TBB  QCOLOSICAI.  AND  NaTDBAL  BiITOBT    BDKTIT  O* 

MiHRxuTA,  FOB  TSE  Tiix  IST>.  US  pp.,  8  TO.;  wIth  >  colomd  map  ol  (he  BtaCs.  Bjr 
jr.ff.  WiiuifU.    PDblUhcd  in  ths  BesenU' Bapivl  rorlBTX.    Oat  of  print. 

TBS  Bbcord  AmitrAL  Ripobt  oh  the  Qbolooioal  amd  Hatdkai,  Hutobt  Budtit  at 
HmnMiTA,  roB  TBI  TiAB  1871.  IWpp.,  Bto.;  with  lUaalnitloa*.  Br  iT.  if.  lr»HkaU 
%aaS.F.  Ptclcham.    Pobllttied  la  tlia  Rageots' Report  foi  IBTS.     OntoTpriDt. 

ThB  Thibd  AniUAL  BiroBT  on  thb  Obolosical  akd  Natcbal  Hiitobt  Sdbtbt  of 
HiBHBmTA,  fob  THB  TUB  1874,  43  pp..  8  TO  ;  witb  tiro  coanir  map*.  Bj  Jf.  B.  Wiw 
tktlL    Pnbliahcd  Id  tba  HegcDli'  Baporl  for  1871.    Ont  of  prlat. 

ThB  FoOHTB  AHKITAI,  BBrOHT  OB  TBB  QBDLOaiOU  AND  Natdbu.  Hiitobt  Subtbt  of 
HiBBBioTA,  FOB  TBB  TIAB  1B7G.  lOS  pp.,  B  TO  ;  vllh  four  coontj  mapa  and  a  nnmba 
ot  ottaar  llloaUatioiu.  Bf  N.  B.  WineMi,  anlaled  b7  Jf.  W.  Barriwetini.  Alao  Id  tb« 
KegaDli'  BaporC  for  IBTB.    OdI  of  print. 

Tkc  Fifth  AmruAi.  Rbfobt  ox  tsi  Qbolooicai.  akd  Xatukal  Hiitobt  Bubtit  or 
HmniaoTA.  fob  thb  tbab  len.  SIS  pp.,  B  yo.;  four  coiond  map*  and  ■•Tera]  other 
llliutTatlana.  Br  N.  B.  y/neXtlUfX-CH  repoiU  on  Chemlatrir  b;  S.  F.  Ptotluim,  Oral- 
tbologr  br  P.  L.  Bnitk  Entomology  b;  Alltn  minnait,  aad  on  rnngi  b;  A.  &  Jokiuoit. 
Alao  Id  tbs  Begacla'  Rapoit  f  ot  197S.    Ont  of  print. 

Tiia  Sixth  Ammuai.  Refobt  oh  tbi  Qbolouidai.  aRd  NaTubal  HiaroBT  Bubtit  of 
KiRHBaoTA,  FOB  TUB  TBAB  18V7.  VX  pp.,  8  TO.;  threa  gtologlcal  map*  and  BTeTal 
othar  lllanratloaa.  Bj  K.  B.  WituMl,  «Ith  reporta  on  GhtmicBl  Analfiea  bj  S-  F- 
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Thb  Umr^BsiiT  of  Minnesota.,  *) 
MnnfEAPOUS,  May  1,  1887.     j 

ZV>  the  PrealdetU  of  the  UnivenUy, 

D£A£  SiB:  I  herewith  oommanicate  the  fifteenth  annual  re- 
port of  progresB  of  the  geological  and  natural  history  sorvey  of 
the  state. 

With  great  respeot, 

Your  obedient  servant, 

Jf.   H.   WlNOHKIX, 
jSKofe  geotofUt  and  evtriOor  of  (he  gtnarai  mvawm. 
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REPORT. 


SUMMAEY  STATEMENT. 

As  intimated  in  the  last  report,  the  field  work  was  renewed 
in  1886,  in  the  northern  part  of  the  state.  Three  parties,  or- 
ganized and  equipped  for  geological  observations,  were  set  at 
work  with  headquarters  near  Tower,  on  the  south  shore  of 
Vermilion  lake.  These  were  nnder  the  personal  direction  of 
Dr.  M.  E.  Wadsworth,  of  Waterville,  Dr.  A.  Winchell,  of  Ann 
Arbor,  and  myself.  From  a  central  sapply  camp  they  were  sent 
onton  trips  designed  to  occupy  a  couple  of  weeks  each,  more  or 
less,  returning  for  supplies  and  to  deposit  and  ship  the  speci- 
mens they  had  collected,  at  the  end  of  each  trip.  At  the  same 
time  a  party  of  botanists,  under  the  direction  of  Prof.  J.  C.  Ar- 
thur, scoured  the  country  about  Tower,  for  plants,  both  phienog- 
amous  and  cryptogamic,  making  a  large  collection. 

It  was  found,  however,  as  the  season  advanced,  and  owing  to 
the  health  of  Dr.  Wadsworth,  that  it  was  necessary  to  vary 
from  the  plan  with  which  the  work  opened.  The  distance  from 
the  base  of  supplies  kept  increasing;  and  on  account  of  thj 
great  difficulties  of  travel,  and  the  time  consumed  in  getting 
back  to  Tower,  it  was  found  desirable  to  move  the  supply  camp 
to  a  point  about  forty  miles  further  east.  This  vaa  on  the  south 
Shore  of  Fall  lake,  at  the  mouth  of  the  Kawishiwi  river.  The 
fotigneand  hardship  being  too  great  forDr.  Wadsworth'a  health, 
he  was  relieved  of  field  work,  and  was  given  a  systematic  mi- 
croscopic examination  of  some  of  the  igneous  rocks  of  the  north- 
ern part  of  the  state,  of  which  many  thin  sections  had  already 
been  made  by  the  survey.  This  occupied  him  during  the  rest 
of  the  season,  the  work  being  done  in  the  laboratory  of  the  sur- 
vey at  Minneapolis.  While  this  weakened  the  force  in  the  field 
It  did  not  retard  the  actual  progress  of  the  survey,  since  this  mi- 
croscopic work  had  to  be  done  on  this  group  of  rocks.     In  a 
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measare,  Dr.  Wadsworth's  place  ia  the  field,  at  the  head  of  one 
of  t(he  parties  of  observation,  was  supplied  by  so  arranging  the 
minor  excursions  thMi  one  of  them  coald  be  condacted  by  some 
of  the  yoanger  geologists. 

The  number  of  men  engaged,  at  different  times  daring  tiie 
season,  including  the  botanists,  varied  from  eight  to  foarteea. 
The  names  of  the  gentlemen  connected  with  the  scientific  field 
work  during  the  season  are  as  follows: 

N,  H.  WiKOHELL,  generally  assisted  by  Mr.  IT.  8.  Grant 
who  also  made  collections  of  fresh-water  shells,  and  notes  on  the 
avi-faana,  for  Dr.  P.  L.  Hatch;  but  in  the  fore  part  of  the  sea- 
son assisted  by  Mr.  H.  V.  Winchell. 

A.  Winchell,  generally  assisted  by  Mr.  F'.  IS.  Stact,  but  as- 
sisted in  the  fore  part  of  the  season  by  Mr.  A.  W.  Jones. 

M.  E.  Wads-worth,  assisted,  while  in  the  field,  by  Mr.  IT.  S. 
Qbant. 

Some  independent  observations  were  made,  on  short  trips, 
under  the  direction  of  Messrs.  H.  T.  Winchell,  Stacy  and 
Jones. 

J.  C.  Aethtje,  assisted  by  L.  W.  Bahet,  Je.,  and  E.  W.  D. 
HoLWAY;  also  by  Mr.  A.  W.  Jones. 

Each  party  consisted  of  three  men  —  the  geologist  who  de- 
voted himself  entirely  to  his  note  book,  instruments,  township 
plat  and  specimens;  his  assistant  who  was  always  ready  to  carry 
specimens,  dress  out  rock  samples,  or  serve  his  principal  in  any 
way  needed,  but  when  not  so  occupied  was  expected  to  lend  his 
hand  to  the  camping,  canoeing  or  cooking,  and  an  expert  woods- 
man or  voyagenr  who  was  familiar  with  the  traveled  routes  and 
the  geography  of  the  region.  These  three,  with  their  impedimenta, 
vonld  comfortably  fill  the  ordinary  birchen  canoe  of  the  Indians, 
by  means  of  which  all  such  traveling  has  to  be  done  in  the  re- 
gion examined. 

The  geologists  were  on  the  ground  a  little  after  the  first  of 
July,  although  the  permanent  camp  was  established  and  some 
field  work  was  done  before  the  fifth  of  Jane.  The  party  re- 
torned  to  Minneapolis  about  September  2Uth.  The  extra  expenses 
for  the  season's  field  work  reached  nearly  $3,500,  but  this  in- 
cluded the  purchase  of  some  apparatus  and  material  which  will 
be  of  use  another  season. 

The  report  of  Dr.  A.  Winchell,  on  his  work  on  the  crystalline 
rocks  in  the  northeastern  part  of  the  state,  is  included  in  the 
following  pages.     This  embraces  a  profusion  of  dialled  obser- 
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'  vatioDB,  followed  by  some  generalized  sliEttemeDts  on  the  stratig- 
rephy,  and  will  be  of  value  in  the  future  study  of  the  system- 
atic geology  of  this  great  series  of  rocks. 

The  report  of  Dr.  M.  K  Wadsworth  on  the  microscopic  exam- 
ination of  some  of  the  igneous  rocks  of  the  state,  though  one  of 
the  important  results  of  the  year's  work,  will  be  issued  as  a  bul- 
letin, separate  from  the  report  of  progress,  according  to  the 
terms  of  a  law  of  the  late  legislature  entitled  an  act  to  eaetmd  the 
work  of  the  geoloffical  and  natural  history  survey. 

Prof.  Arthur's  report  of  progress  on  the  botany  of  the  state, 
including  observations  by  himself  and  Messrs.  Bailey  and  Hol- 
way,  and  a  contribation  by  Mr.  Warren  Upham,  will  also,  be 
issaed  as  a  separate  bulletin.  Very  substantial  nd  important 
advance  was  made  in  the  botanical  department  of  the  survey  by 
the  work  of  last  season,  and  large  additions  were  made  to  the 
survey  herbarium. 

In  a  similar  manner  Mr.  OeMlund's  current  report  on  the 
Aphididee,  being  a  systematic  memoir  on  the  fomily,  will  be  de- 
layed temporarily  in  order  that  it  may  embrace  the  observations 
and  study  of  another  season,  and  will  appear  as  a  bulletin  of  the 
same  series. 

Prof.  C.  L.  Herrick  has  submitted  a  large  part  of  his  final  re- 
port on  the  mammals  of  the  state,  but  a  portion  of  it  remains 
still  in  his  hands.  As  soon  as  it  can  be  completed  it  will  be  pnt 
to  press. 

Dr.  P.  L.  Hatch  is  still  engaged  on  his  final  report  od  the  or. 
nithology  of  the  state,  and  is  bringing  it  to  a  close  as  rapidly 
as  possible.  It  is  intended  to  include  it  with  Prof.  Herrick's  on 
mammals,  in  one  of  tBe  final  volumes  of  the  survey  report. 

XumerouH  accessions  have  been  made  to  the  museum  collec- 
tions, and  to  the  material  which  represents  the  field  work  of  the 
survey.  The  latter,  in  the  main,  are  not  entered  in  the  regular 
museum  lists  which  follow,  but  areregistered  by  another  series  of 
numeration  and  reserved  for  further  study.  The  cases  th^  are  de- 
signed for  the  exhibition  of  specimens  arefull,and  the  rooms  con- 
taining them  are  not  large  enough  to  accommodate  any  flirther 
display.  It  is  hoped^earnestly  that  erelong  the  museum  m.iy  be 
removed  to  better  quarters  with  ample  accommodations. 

The  printing  of  vol.  II  of  the  final  report  has  been  unwar- 
rantably and  culpably  delayed  by  the  contractors.  At  this  date 
(April  15,  1887)  the  manuscript  has  been  in  their  hands  nearly 
twenty -one  months,  and  without  any  justifiable  excuse  for  delay 
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•with  eontiuaal  urging  and  remonstrance  on  my  part,  met  with 
Tolable  and  reassuring  promises  of  immediate  action  on  theirs, 
they  have  not  yet  completed  the  first  two  chapters,  and  have 
1ith<^raphed  but  two  of  the  plates.  At  the  rate  at  which  the 
work  has  progressed  during  the  past  two  years,  it  will  require 
more  than  twenty  years  before  the  volume  is  issued. 

The  following  report  is  taken  up  very  largely  with  the  geol- 
ogy of  the  iron -bearing  rocks.  Within  the  past  two  years  a  great 
interest  has  been  awakened  in  the  iron  industry  in  the  North- 
west. The  success  of  the  pioneer  company,  the  Minnesota  Iron 
Company,  has  attracted  genei-al  attention  to  northern  Minnesota 
as  au  iron-producing  country,  and  numerous  inquiries  are  made 
for-some  information,  as  fnll  siaA  authentic  as  possible,  on  the 
geoloj^  of  these  rocks,  and  for  maps  giving  their  distribution. 
It  is  with  a  view  to  supply  this  demand,  as  amply  as  the  survey 
is  able  at  present,  that  this  character  is  given  to  this  report. 

It  should  be  understood  that  the  tentative  conclusions  which 
the  observations  of  the  season  have  seemed  to  warrant,  respect- 
ing the  stratigraphy  and  genesis  of  the  rocks  of  this  part 
of  the  state,  so  far  as  they  are  expressed  in  this  report,  are 
merely  tentative,  and  are  given  in  order  to  group  the  ob- 
servations into  some  systematic  scheme,  to  make  the  details 
somewhat  more  intelligible  by  the  reader.  They  are  in- 
tended to  express  the  most  apparent  and  ready  explanation  of 
the  facts.  The  mineralogical  determinations  are  only  such  as 
were  made  in  the  field,  there  having  been  'no  oppoitunity  to 
study  the  specimens  with  greater  eare,  nor  even  to  open  the 
boxes  in  which  they  were  packed. 

The  name  VennUion  group  as  used  in  the  following  rejwrt  is 
intended  to  include  a  portion  of  the  complex  series  of  schists 
which  in  the  late  report  of  the  Canadian  geological  and  natural 
history  snrvey  has  been  designated  Keieatin  sei-ies,  by  Mr.  A.  C. 
Lawson.  It  embraces  the  mica-hornbleiidic  schist  rocks  that  ap- 
pear at  the  northwest  extremity  of  Termilion  lake,  and  their 
equivalents  at  the  west  cud  of  Birch  lakt  as  well  as  their  exten- 
sion eastward  Ax>m  Vermilion  lake  to  Basswood  lake.  This 
group  lies  between  the  graywackes  on  one  side  and  the  basal 
syenites  and  granites  ou  the  other,  thus  cohering  only  the  lower 
portion  of  the  Kewatin  sene*. 
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REPORT  OF  A  GEOLOGICAL  SURVEY  IN  MINNESOTA 
DURING  THE  SEASON  OF  1886. 


1.  —  PEELIMINARIEB. 

The  region  reported  on.  The  writer  sabmite  a  report  of  geolog- 
ical field-work  done  during  July,  August  and  September,  1886, 
under  inBtfactionB  from  the  stat«  geologist  of  Minnesota.  The 
region  examined  lies  in  the  northeastern  portion  of  MinneBOta, 
north  of  the  western  part  of  lake  Superior.  It  stretches  in  a  di- 
rection north  of  east  from  Vermilion  lake  to  Knife  lake  and 
Ogiahke-Mnncie  -ake  and  somewhat  beyond.  It  lies  between 
ranges  5  and  15,  west,  and  towns  62  and  66,  north  —  extending 
into  twenty-four  different  townships."  There  are  no  public  roads 
within  the  region,  and  it  can  searcely  be  said  that  the  least  im- 
provement for  facilitating  travel  has  ever  been  made  by  public 
authority.  Not  over  half  a  dozen  settlers  were  seen  in  all  the 
r^ion,  and  these  were  located  in  the  cheapest  log  cabins,  where 
the  time  was  spent  in  awaiting  themattirity  of  their  titles  to  the 
legal  allowance  of  land  and  in  looking  up  pine  districts  and  iron- 
ore  locations.  Not  a  single  Indian  was  fonnd  resident  in  the 
district,  and  only  about  four  square  rods  of  soil  were  found  culti- 
vated. ( 

Mean*  of  communication.  The  exclusive  mode  of  travel  and 
transportation  is  by  birch  bark  canoes  of  Indian  manufacture. 
A  canoe  16  to  18  feet  in  length  will  carry  three  men  and  the  req- 
uisite baggt^e  for  camping,  provisions  and  work.  Between  the 
lakes  portages  are  made,  the  cauoc  being  transported  by  itselfi 
generally  on  the  head  and  shoulders  of  one  man,  and  the  baggage 
being  separated  into  as  many  bundles  as  uecessaiy.  The  port- 
ages over  the  routes  most  .traveled  are  from  a  quarter  of  a  mile 
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to  more  than  a  mile  in  length.  They  are  simply  winding  foot- 
paths leading  by  the  nearest  practicable  route  over  plains  and 
rocky  hills  and  across  swamps  and  bogs.  The  best  have  at  some 
time  been  cat  out  sufficiently  for  the  transportation  of  the  canoe, 
bnb  the  portage  trail  consists  chlefiy  of  a  path  more  or  less  beaten 
by  long  continued  Indian  travel.  On  some  of  the  principal 
trails  the  path  is  in  places  deeply  worn,  but  always  narrow.  On 
other  trails  the  marks  of  travel  are  so  obscure  that  mach  dif- 
ficulty arises  in  picking  the  way.  The  work  of  the  past  season 
rendered  it  necessary  to  traverse  123  portages,  having  a  total 
length  of  13  miles. 

In  the  region  east  of  Vermilion  lake,  the  principal  routes  of 
commnnication  are  between  the  east  and  west.  The  direction 
has  been  determined  by  the  location  of  the  chief  Indian  settle- 
ments;in  the  east  about  Beaver  bay  and  Pigeon  river,  and  in  the 
west,  from  Vermilion  lake  to  the  upper  Mississippi  and  beyond. 
However,  more  fundamental  than  the  location  of  settlements, 
was  the  disposition  of  the  great  natural  features  of  the  country, 
whioh  predetermined  the  trends  of  most  practicable  communica- 
tion. Thos  the  situation  of  the  interior  lakes  rendered  travel 
between  east  and  west  vastly  easier  than  between  north  and 
south.  From  Vermilion  lake  eastward  the  great  thoronghfiire 
may  be  described  as  fellows:  At  the  northeastern  corner  of  Ver- 
milion lake,  the  route  passes  to  the  bead  of  Mud  Creek  bay,  and 
thence  through  Mud  creek,  including  a  portage,  and  two  Mnd 
lakes,  thence  by  portage  to  Bnrntside  lake,  thence  by  portage  to 
Long  lake,  and  thence  to  Fall  lake.  From  the  eastern  extremity 
of  Fall  lake  is  a  route  over  the  rapids  northwards  into  Basswood 
lake,  and  another  by  portages  into  another  arm  of  Basswood  lake, 
and  along  the  national  boundary  eastward,  leading  across  the 
portage  into  Carp  lake,  and  the  succession  of  waters  toward 
Knife  lake;  from  Fall  lake  is  another  principal  route,  leading  by 
portage  to  Garden,  Farm  and  White  Iron  lakes.  The  portf^es 
will  be  particularly  noticed  in  the  following  report,  and  will  be 
found  properly  located  on  the  accompanying  map. 

N'ot  a  little  surprise  haa  been  experienced  that  the  principal 
portages  have  been  left  so  long  without  improvement  at  the 
hand  of  civilization.  Tower  is  a  settlement  of  two  or  more 
thousand,  and  transacts  a  considerable  bosloess  with  regions  ly- 
ing to  the  eastward.  Hunters,  settlers,  explorers  and  Indians 
must  find  exit  eastward  over  these  portages  and  must  transport 
all  their  provisions  and  other  supplies  over  them.     Everything 
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destined  for  Tower  must  be  got  over  these  portages.  One  wonld 
imagine  a  towa  so  depeodeDt  on  facilities  of  exit  and  approach, 
Tonld  seek  to  improve  its  highways.  But  the  very  first  portage, 
within  six  to  eight  miles  of  Tower,  is  one  of  the  most  execrable 
in  the  region;  and  when  the  water  is  low  the  difficulties  of  the 
transit  thi-ongh  Mnd  creek  are  very  great.  Then  the  portage 
also  from  Mad  lake  to  Barntside  is  obstructed  by  logs,  rocks, 
loose  stones  and  a  long  stretch  of  scarcely  passable  marsh.  Five 
handred  dollars  would  pnt  this  portage  in  a  condition  snited  for 
civilized  transit.  Two  hundred  dollars  would  suffice  to  lay  one 
or  two  stretches  of  hewn  logs  across  this  swamp.  As  these  lands 
are  largely  public  lands,  the  subject  of  improvement  of  trans- 
portation would  seem  to  be  a  legitimate  one  to  bring  to  the 
qotice  of  the  public  authorities,  either  of  the  ITnited  States,  the 
State  or  the  Connty. 

The  irUand  UAes.  The  eonntry  through  which  these  explora- 
tions have  extendi  is  dotted  by  numt)erless  small  lakes,  separ- 
ated from  each  other  by  intervals  varying  from  a  quarter  of  a 
mile  to  two  miles.  All  the  latter  lakes  present  an  elongated 
form,  having  a  length  two,  three  or  four  times  their  breadth. 
The  longer  axis  trends  generally  north  of  cast,  iu  conformity  with 
the  rocky  structure  which  has  determined  the  forms  and  posi- 
tions of  the  lakes.  Their  shores  are  generally  rocky,  and  rise 
to  altitudes  of  10,  15  or  20  feet;  though  in  occasional  instances 
the  cli&  attain  elevations  of  50  to  80  feet.  Some  portions  of 
the  shores  are  covered  by  a  thin  sheet  of  drift  material,  or 
more  generally  by  the  angular  debris  and  earthy  products  of 
atmospheric  destruction.  In  portions  of  the  district  the  out- 
cropping rocks  are  mostly  bare,  but  in  others  they  are  covered 
by  a  dense  cushion  of  mosses.  It  is  probable  that  in  regions 
where  the  original  forest  has  been  burned,  the  moaaes  have  been 
removed  by  fire  or  destroyed  by  exposure  to  the  rays  of  the  sun. 

(trader  o/  ike  report.  The  general  results  of  the  ot>servationa 
of  the  past  season  can  not  at  present  be  fully  formulated,  for  the 
reason  that  the  general  views  to  be  entertained  respecting  any 
portion  of  the  region  depend  partly  on  observations  extended 
over  the  whole  region — from  Vermilion  lake  to  Thunder  bay. 
That  r^on  is  a  unit,  and  each  part  mast  be  interpreted  in  the 
light  of  the  whole.  It  is  impossible,  therefore,  to  offer  a  concise 
digest  of  conclusions.  The  attempt,  likewise,  to  offer  a  digest 
of  the  facts  as  far  as  observed  would  simply  rob  the  reader  of  a 
portion  of  the  data  requisite  to  form  his  own  provisional  conclu- 
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siOQS.  With  the  knowledge  that  more  or  leas  of  the  f^s  are 
kept  back,  the  reader  would  feel  compelled  to  hold  even  provj- 
siooal  conclusions  in  abeyance;  and  in  fiict  might  well  feel  that 
the  consideration  of  a  portion  should  be  postponed  until  the  pre- 
sentation is  made  complete.  Were  the  details  of  fact  destined 
to  appear  in  a  final  report,  their  appearance  ia  likely  to  be  de- 
layed for  an  inconvenient  period;  while  the  questions  presented 
by  the  geology  of  the  region  possess  immediate  and  living  inter- 
est. But  it  is  even  doubtful  whether  the  full  details  will  be 
admissible  in  a  final  report.  It  has  seemed,  therefore,  on  con- 
sideration, that  this  is  the  time  and  place  to  offer  a  full  state- 
ment of  the  ^ts  as  observed. 

These  focts  will  be  grouped  about  the  principal  lakes  of  tlie 
region  rather  than  thrown  in  the  form  of  an  itinerary.  The  facts 
thus,  which  are  geographically  related  to  each  other,  'will  be 
brought  into  juxtaposition  with  each  other  and  with  the  great 
natural  features  of  the  country.  This  will  aid  in  the  mastery  of 
the  subject,  and  facilitate  future  reference. 

Following  these  details,  howeveri  will  be  a  general  summary 
intended  for  the  use  of  the  more  casual  reader. 

Locality  niimber,g.  The  references  to  the  localities  are  precise, 
designating  not  simply  the  square  mile  but  the  particular  forty 
acres  on  which  the  observation  is  made.  Each  locality,  more- 
over, receives  a  special-serial  number,  and  is  briefly  referred  (o 
as  "Salt"  so  and  so.  In  designating  localities  the  usual  formula 
of  the  land  surveys  is  employed;  but  to  obviate  unnecessary 
repetition,  the  terms  "township"  and  "i-angc"  are.  omitted, 
since  the  "township"  is^always  "north,"  and  the  "range"  is 
always  (in  this  report)  "west"  of  the  "fourth  meridian,  Minne- 
sota." Thus,  "N.  E.  i,  S.  E.  i,  S.  8,  T.  62-11,"  designates  a  cer- 
tain "sixteenth"  in  section  8,  of  township  62,  north,  in  i-ange  11 
west,  of  the  4th  meridian,  Minnesota. 

Bearings.  The  bearings  given  refer  to  the  tine  meridian. 
The  mean  variation  of  the  needle  within  eaeh  township  has  been 
calculated  from  the  records  given  on  the  government  plats,  and 
thus  the  proper  correction  for  each  township  has  been  obtained 
separately. 

Rock  numbers.  The  rocks  collected  constitute  another  numer- 
ical series.  The  rock  numbers  must  not  be  confounded  with 
those  employed  by  my  brother  in  former  reports  —  especially  the 
ninth,  tenth  and  thirteenth.  Undoubtedly  many  of  my  rocks  are 
duplicates  of  his,  bat  it  must  be  left  to  the  future  to  point  out 
equivalences. 
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Bock  identifieationa.  The  ideutifications  and  deseriptioos  of 
rooks  are  less  authentic  than  conld  be  desired.  They  were  made 
almost  wholly  in  the  field,  often  under  circumstances  which  ren- 
dered impracticable  close  scmtiny  even  with  a  pocket  handglass 
— still  more  in  the  absence  of  reagents,  blowpipe,  componnd  mi- 
croscopes and  books.  These  specimens,  packed  in  the  field, 
boxed  and  shipped  at  once  to  the  headquarters  of  the  survey, 
have  not  since  been  seen.  Their  re-examination  and  adequate 
study  are  neeessarily  postponed. 

Use  of  terms.  In  the  use  of  terms  the  author  deviatee  slightly 
from  the  German  authorities  most  respected  at  the  present  time, 
and  from  a  portion  of  the  American  anthorities.  Good  reasons 
seem  to  exist  for  this,  but  it  is  not  necessary  to  set  them  forth  in 
the  present  connection.  The  divergeuee  will  result  in  no  mis- 
conceptions if  announcement  is  made  in  advance  of  the  sense  In 
which  terms  are  employed.  The  following  are  not  intended  for 
complete  definitions:  By  granite  is  meant  a  non-schistose  aggre- 
gate of  quartz,  orthoclase  and  mica.  When  schistose,  the  rock 
Is^netM. 

By  syenite  is  meant  a  oou-schistose  f^gregate  of  quartz,  ortho- 
clase  and  hornblende.  When  schistose,  the  rock  is  syenite 
gneiss. 

An  aggregate  of  quartz  and  orthoclase  is  granviyte;  and  this 
may  be  gne'asio  or  schistose. 

An  aggregate  of  hornblende  and  orthoclase  is  hyposyenile. 

An  aggregate  of  hornblende  and  an  Ekcidic  plagioclase  is  dio~ 
ryte.     This  may  also  be  schistose.     It  may  also  be  quartzose. 

Ad  aggregate  of  angite  and  plagioclase,  whether  basic  or 
acidic,  is  diabase. 

Noryte  is  an  aggregate  of  hornblende  or  angite  with  a  basic 
plagioclase. 

fjobbro  is  a  form  of  noryte  to  which  the  pyroxene  (angite)  is 
lamellar  (diallagic)  and  the  plagioclase  is  a  cleavable  labrador- 
ite.    The  texture  is  mostly  coarse. 

I  have  endeavored  to  employ  the  once-ontlawed  term  "gray- 
wacke,"  but  there  is  much  difficulty  in  fixing  on  a  precise  defi- 
nition. According  to  Zirkel,  "graywacke"  forma  a  "elastic 
rock  of  most  diverse  grains.  It  is  composed  of  angular  or 
rounded  grains  of  quartz,  generally  in  predominating  abund- 
ance, formed  from  fragments  of  siliceous  schist  or  argillyte, 
with  which  are  not  unfreqnently  associated  gniins  of  feldspar, 
and  in  some  varieties  abundant  mica  scales,  all  cemented  by  a 
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binding  material  consisting  of  a  clayey  mass  completely  pene- 
trated by  Bilica,  or  even  of  silica  aloue.  The  fiiliceons  clayey 
binding  maas  is  oilen  dark  colored  by  finely  divided  particles  of 
anthracite.  The  clastic  elements  mostly  predominate  over  the 
binding  mass,  so  that  the  latter  is  frequently  difficult  to  dis- 
tingaish.  On  account  of  the  siliceous  cement  this  rock  posseses 
frequently,  great  toughness  and  hardness."  In  other  words 
graywacke  is  essentially  a  fine,  compact  feldspathio  sandstone 
with  a  silicoargillaeeous  gronndniass. 

Some  use  is  made  of  the  term  porodyte  introduced  by  Prof- 
M.  E.  Wadsworth.(Bull.  Mua.  Comp.  Zo6I.  V,  280  andVII,  60). 
It  is  a  rock  having  a  greenish,  compact,  felsitic  base,  holding 
grains  of  quartz.  In  other  words,  it  is  a  highly  indurated  feld- 
spathic  san<Istoue.     It  graduates  into  graywacke. 

By  jaspilyte  I  designate  the  siliceous,  often  jaspery.  beds  as- 
sociated with  iron  ores.  They  are  generally  reddish,  but  often 
black,  smoky,  or  colorless.  The  term  is  adopted  from  Wads- 
worth  {Bull.  Mus.  Comp.  Zool.  VII,  76),  but  without  any  ex- 
pression of  opinion  on  the  cause  of  the  bedding. 

The  term  bed  and  itfi  correlatives  is  employed  simply  to  denote 
a  kind  of  structure.^  No  implication  is  Intended  of  the  sedi- 
mentary or  igneous  origin  of  the  bedding. 

Pi-indpal  lake  regions.  The  geologic  and  physiographic  data 
embraced  in  this  report  will  be  grouped  about  the  following 
lakes:  Vermilion  lake,  Mud  creek  and  lake,  Sand  lake,  Eagle 
^est  lakes,  Bnrntside  lake.  Long  lake,  Fall  lake,  Garden 
lake,  White  Iron  lake,  Farm  lake,  Kawishiwi  river,  Basswood 
lake,  Crooked  lake,  Iron  lake,  Newfound  lake,  Moose  lake, 
Snowbank  lake.  Boot  lake  and  vicinity.  Ensign  lake.  Sucker 
lake,  Knife  lake,  Ima  lake,  Thomas  lake,  Eraser  lake,  Kekeka- 
bio  lake,  Ogishke  Muncie  lake,  Oabimichigama  lake. 

2.  —  VEEMILION  LAKE  REGION. 

The  work  of  the  season  began  upon  the  southeastern  shores  of 
this  lake,  but  soon  extended  into  the  region  lying  eastward. 
The  writer  has  little  to  say,  therefore,  of  its  geology.  It  is  by  far 
the  lare;est  lake  in  northeastern  Minnesota,  strolling  over  por- 
tions of  townships  62  and  63  in  ranges  15, 16, 17  and  18,  west.  Its 
coast  line  is  extremely  irregular  and  its  surface  is  broken  by 
scores  of  rocky  islands.  In  recording  my  few  observations  I  fol- 
low the  order  in  which  they  were  made. 
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HALT  1.  S.W.t,  S.  Wl,  S.  20,  T.  62-15.  Therock  here  is  hard 
and  tongh  and  of  a  gray  color.  It  has  been  styled  graywacke, 
and  it  certainly  approaches  the  definition  cited  from  Zirkel,  It 
resembles  Bocks  17,18  and  19  (Halts  9  and  10,)  to  which  reference 
is  made.  It  exhibits  bedding  planes  dipping  at  a^  high  angle — 
nearly  vertical,  and  having  a  strike  N.  82°  W.  Two  sets  of  joints 
appear,  one  north  78°  east  and  the  other  N.  48°  E.  In  the  midst 
of  the  graywacke  formation  appears  a  dike-fikeform,  which, 
however,  on  close  inspection,  appears  to  be  bedded  in  the  direc- 
tion of  its  length,  and  many  of  its  laminte  reveal,  on  the  veath- 
ered  surface,  an  elaborately  complicated  system  of  plications. 
This  dike-like  form  resembles,  in  composition,  the  country  rock. 
The  whole  is  intersected  by  a  sinnonsvein  of  quartz  porphyry, 


m',  Lm.Uu  *«i  if  ci—kjiUi'  fi^ittJU. 


Sock  1.  Graywacke  from  the  coantry  rtfck  disposed  parallel 
with  the  principal  joints,  N.  78°  E.     (See  also  Rock  71.) 

Rock  2.  Graywacke  slate  much  plicated  on  weathered  edge. 
Parallel  with  the  bedding. 


HALT  2.  Centres.  W.  i,  S.W.h  S.  20,  T.  62-15.  Graywacke 
like  that  at  Halt  1,  but  more  slaty.  Bedding  strikes  K.  81°  W. 
Dip  S.  by  W.  84°.     Glacial  striie  S.  8°  W.     A  bed  of  porodyte- 


Google . 


20  FIFTEENTH  AlfKUAL  BEPORT 

like  material  6  iocbee  vide  is  Incladed.  The  graywaclce  slate  is 
faulted  as  shown  below. 

HALTS.  N.Kpt.  S.W.i,S.B.i,  S.  20, T.  62-15.  Glaciated 
exposure  of  rock  similar  to  last.  Strike  of  bedding  "S,  85"  W. 
Dip  88°.  Glacial  striffi  8.  26°  W.  The  country  rock  is  slaty 
graywacke  (rock  3)  including  a  bed  of  porphyritically  qnartzoee 
porodyte,  which  Ib  elongated  in  the  direction  of  the  bedding,  and 
itself  inolosiog  irregular  branching  masses  of  quartz. 

The  beds  of  the  country  rock  are  rather  various,  ranging  from 
graywacke  slates,  thick  and  thin,  to  argillyte. 


Bock  3.    Graywacke  slate,  thick. 

Rock  4.     Graywacke  slate,  thin. 

Rock  5.     Argillitic  graywacke  slate. 

Bock  6.     Argillyte. 

These  are  all  bedsof  country  rock. 

Rock  7.    Porphyritically  quartzose  porodyte. 

SALTi.  About  twenty  rods  K.  E.of  Halt  a  (inland)  is  another 
exposure  of  a  very  complicated  kind.  Distinct  bedding  planes 
with  beds  of  same  porphyritie  material — bedsof  porphyritically 
qnartzose  sericitic  schist,  beds  of  coarse  poroditic  conglomerate, 
beds  of  couglomerated  blue  jasper  and  quartz  —  all  in  a  state  of 
great  confusion  and  mutual  displacement.  In  the  sericite  rock 
are  rounded  fragments  of  quartz-Jasper,  around  which  the  leaves 
of  sericite  rock  are  partly  wrapped. 

At  Halt  4  we  find  successions  like  this:  Argillyte,  argillitic 
sericitic  schist,  same  with  quart,!  grains,  beds  of  poroditic 
porphyry,  beds  of  poroditic  conglomerate,  rounded  and  ragged 
masses  of  jasper-quartz  sometimes  brecciated,  sometimes  with 
quartz  and  jasper  intertamiuated.  All  these  seem  to  be  contem- 
poraneous, all  parts  of  one  formiitiou. 


ib/Googlc 


STATE  GBOLOGTST.  21 

The  jasper-quartz  appears  to  have  been  introducedin  tlieform 
of  foreign  fragments.  The  sericite  is  wrapped  around  the  knobs 
and  bosses  of  it,  and  even  fills  narrow  intervals  standing  verti- 
"cally  between  contiguous  masses  of  it.  It  appears  plain  that  these 
fragments  were  dropped  In  when  the  sericitic  mud  was  a«cama- 
lating. 


Some  of  these  fragments  are  pure  white  quartz,  and  from  them 
proceed  veins  of  quartz  across  the  bedding  planes  of  the  serieit- 
oid.   These  quartzose,  vein-generating  masses  may  be  subsequent. 


Figs.  4  and  5  show  the  fragments  of  jaspilyte  with  their 
own  original  bedding.  Fig.  6  is  a  diagram  of  a  jaspilyte  breccia, 
like  the  other  figures,  made  on  the  spot.  The  dotted  material  is 
an  olive  green  aerielte  schist  filling  the  interstices.    The  original 
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beddiog  of  the  IVagmeute  will  be  noticed  liere  also.  The  lamina- 
tioQ  of  the  schist  Id  Figs,  i  and  5  exhibits  a  bending  and 
adaptation  to  the  fragments  of  the  jaspilyte.  Evidently  the 
fragQients  were  introduced  while  the  layers  of  schiat  were  form-* 
ing.  The  fragments  of  jaspilyte,  as  shown  in  all  the  figures, 
were  broken  from  some  preexisting  formation,  where  they  had 
already  received  their  banded  structure.  They  had  not  been 
I'ar  transported,  for  their  edges  and  angles  are  yet  sharp.  At  A 
in  Fig.  5  is  a  region  where  the  schist  graduate.s  into  quartz. 
From  this  it  appears  that  some  quartz  was  forming  contempo- 
raneously with  the  schist.  AC  JQ  Fig.  i,  is  a  fi-agment  of  jaapery 
qnartz  showing  that  something  jaspery  has  charactei-s  also  sim- 
ilar to  the  coutemporaneona  quartz.  The  brccciated  regions  at 
this  locality  are  ill-defined  varying  bands  running  with  the  bed- 
ding of  the  schist  for  limited  distances.  On  each  side  of  the  por- 
tions figured,  the  formation  is  substantially  a  sericitic  schist. 


TifG-TitJafiaPS  ofiJa-tpUi'te  aruC  SeriakScTud  HALT^i. 

HALT  5.  S.  W.  i,  S.  W.  \,  See.  21,  T.  6215.  Strike  N.  60°  E. 
Bock  8.     Sericitic  schist. 
i2oc%  9.     Scricite  schist  with  quartz  grains, 
fioci  30.    Quartz  veins  in  graywacke  schist. 
SALT%.  Stuntz'  I.  N.  "W.  i,  S.  W.  i.  Sec.  21,  T.  62-15.    The 
DoaSB  of  the  rock  is  poroditic  conglomerate.     Bedding  planes 
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N.  56°E.  BedssomewhatsericitiOjSomelayers  largely 80 — others 
conglomeritic  locladed  are  also  plates  of  black  jasper  con- 
formable with  the  bedding. 

Crossing  the  bedding  are  two  sets  of  dikes—  one  N.  76°  E;  the 
other  N.  74°  E.  dip  of  beds,  8.  82°. 

Rock  11.    Older  system  of  dikes  (so-called). 

Sock  12.  Later  syatem  of  dikes  (so-called).  Sericitic  schist 
with  thin  white  scales  of  talc(I) 

HALT  7.     20  rods  north  of  Halt  6. 

Locality  of  poiodyte.     Beds  strike  S",  66°  E,"    Dip  75°. 

Rock  13.     Porodyte  (so-callea). 

This  rock  is  a  massive  snbgranular  felsyte.  Textnre  not  graa- 
nlar,  but  still  not  uniform.  Besides  this,  delicate  interrupted, 
irregular  films  of  darker  matter  run  iu  rn del/ parallel  planes 
through  the  mass.  General  color  of  rock  light,  with  a  pale  waxy 
tioge  pervading  it,  weathering  nearly  white.  On  the  weathered 
surface  of  the  exposure  are  wavy,  irregular  grooves,  or  seams, 
which  I  regard  as  bedding  lines,  having  the  strike  indicated 
above. 

From  observations  made  in  this  vicinity  it  appears  that  all 
these  rocks  belong  to  one  formation,  in  a  large  sense.  They  are 
all  —  graywacke  not  excepted — pervaded  by  a  magnesian  ele- 
ment. In  the  porodyte  we  find  serpentine  masses  one,  two  or 
more  inches  long,  of  a  pale  greenish  color  and  lamellar  struc- 
ture. 

HALT  8.  8.  W.  i,  8.  E.  i,  Sec.  U,  T.  6216.  Poroditic 
felsyte;  some  parts  with  grains  of  quartz.  Strike  N.  67°  E.  Dip 
82°  X. 

Rock  14.  Poroditic  felsyte. 

Rock  15.  Porphyriticallyquartzose  porodyte,  like  Kock  13, 
only  few  quartz  grains. 

Rock  16.    The  so-called  quart^te. 

Rock  17.  Very  dark,  schistose,  augitic,  with  feldspar  (t)  and 
quartz  giains  resembling  chrysolite,  except  in  color. 

The  foregoing  rocks  occnr  in  different  beds  of  this  formation. 

RALT  9,  IS.  E.  I,  a".  W.  1,  See.  3,  T.  61-16. 

Sock  18.  Apparently  a  compact  graywacke. 

The  rock  acHalt9  is  compact,  very  indistinctly  bedded,  gray- 
ish, composed  of  waxy  feldspar  and  a  dark  mineral  which  looks 
like  augite.  There  are  also  scattered,  glassy  grains  which  have 
the  cleavage,  structure  and  hardness  of  a  plagioclase.  This  rock, 
however,  is  very  nearly  identical  with  Kock  1,  which  is  dis- 
tinctly bedded. 
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BALT 10.  N.  E.  1.  X.  E.  1.  Sec.  3,  T.  6M6.  Boek  darfe.dis- 
tiDCtlf  slaty.  InstitNU.  permeated  by  a  glassy  feldspar,  which  ap- 
pareDtly  causes  the  lustre,  bat  occnrring  also  in  'crystals. 
Strike  X.  79=  W.  Dip  ft2'.     Glacial  stria  S.  23=  W. 

Rifd:  ]£>.     Graywacke. 

Th<f  ruck  at  Halt  10  is  different  rrom  any  yet  seen.  It  looks 
much  like  a  hornblende  schist,  bnt  there  is  eridently  a  large  per- 
centage of  fine,  grayish,  feldspathic  particles.  In  fact.  I  sospect 
the  wb'tle  dark  (mustitaent  is  a  feldspar  'labradoriie  .  There  are 
also  dbssemioated  grains  like  garnets  or  staarotide.  giring  the 
bedding  snrfaciA  a  pinipU;^  appearance. 

RixrkK  17  and  18  are  embraced  in  vhat  is  prorisionally  termed 
graywacke.  They  are  very  similar  to  Bock  1.  Bock  3  is  similar 
to  the^e  bat  [tervaded  by  more  of  a  greenish,  serpentinoid  con- 
stitnerit.  Bock  4  resembles  Bock  1,  bnt  is  thin  bedded.  Bock 
18  it)  little  diHtingaixbabte  from  1. 

On  the  iron  mines  iu  this  vicinity  bat  few  observations  were 
made,  and  those  mostly  for  comparative  purposes. 

HALT  HZ.  Stone  iron  mine.  X.  W.  \.  S.  E.  i.  8.  27,  T.  62- 
1.5.  A  ridge  of  generally  schLstose  character.  Beds  trending 
Dearly  east  and  w<^,  and  standing  almost  vertical.  Consist,  be- 
fore we  reach  the  summit  from  the  north,  of  banded  jasperj'  iron 
schists.  At  the  summit  they  are  essentially  sericitic.  l>ecoming 
in  ptaccK  a  little  ehloritie,  and  in  others,  a  little  argillitic  The 
iron  on;  di^posit  occupi(«  aljout  50  feet  and  has  been  excavated 
to  depths  of  .50  to  80  feet.     The  schists  have  a  dip  uoitbward 


of  about  82°.  The  south  or  foot  wall  is  more  ehloritie  and  argil- 
litic. The  beds  are  bentfinternipted.  crumpled,  knottwl, smooth- 
faced. 
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The  structural  state  of  tbe  ore  is  difficult  to  ascertain.  I  judge 
it  from  appearances  to  have  bedded  arrangement  comformable 
with  the  schists,  but  the  bedding  is  certainly  less  distinct.  Some 
of  it  is  apparently  massive.  On  tbe  south  side  is  an  abrupt  ledge 
which  has  been  worked  oat  four  or  five  rods.  There  are  indica- 
tions here  of  bedding  conformable  with  that  of  the  formation, 
but  it  is  not  easy  t«  be  certain. 

In  one  place,  on  tbe  south  face  of  the  mine,  is  a  southward  pro- 
trusion of  the  ore  into  the  schists  for  a  certain  distance — how 
far  is  not  known.  This  has  been  prononnced  a  dike.  On  the 
east  tbe  schists  are  bent  around  toward  parallelism  with  the  iron- 
intrusion.  On  the  other  side  they  are  not.  On  neither  side  is 
there  anything  like  a  definite  wall.  The  ore  and  shale  and  earth 
blend  and  intermingle  in  a  way  similar  to  that  shown  between 
the  main  ore  and  the  conntry  rock. 

HALT  64.  Ely  mine,  »  few  rods  west  of  last.  An  excavation 
25  feet  deep,  and  in  one  part  65  feet.  The  east  side  of  the  deep 
excavation  shows  the  iron  lode  divided  into  three  or  more  parts, 
like  this: 


These  divisions  of  the  lode,  I  understand,  have  been  rc^rded 
as  dikes. 

The  following  diagram  shows  a  nearer  view  of  one  of  tJie 
dikes.  Itappeai-8  still  further  divided  by  beds  of  ferruginous 
chist,  o',  o'. 


« 
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HALT  65.  Railroad  cnt  south  of  Ely  mine.  This  rans  along 
the  strike  of  the  sericitic  schists;  but  it  exhibits  somewhat  the 
Dflture  of  the  tr^Dsition  from  the  iron  deposits  to  the  schists.  In 
places,  that  transition  is  abrupt,  and  this  is  seen  in  the  Stone 
mine;  but  here  we  find  places  where  the  transition  is  gradnal, 
either  alternating  thin  layers  of  jasper  and  sericite  with  dimin- 
ishing amount  of  iasper,  or  dissemination  of  grains  of  qnartz  in 
diminishing  abundance  through  the  sericite.  These  phenomena 
are  not  compatible  with  the  doctrine  of  the  dike-like  nature  of  the 
irou  deposit. 

HALT  66,  Part  way  down  the  mountain,  on  the  trail  to 
Stuntz  bay.  Some  magnificent  examples  of  red  and  black  banded 
jaspery  heematite.  Some  of  the  hreniatite  bands  are  superior  ore. 
Many  of  them  are  wonderfully  plicated. 

HALT  11.  S.  W.  i,  S.  W.  i,  S.  6,  T.  62-14.  North  side  of  Mud 
Creek  bay,  very  near  the  town  line.  Bidge  close  by  the  bay, 
about  80  feet  high,  consists  of  so-called  graywacko  with 
many  layers  slaty,  more  and  less.  General  hue  greenish;  sonnd 
portion  fine  grained.  Strike  £  and  W.  Dip  75°.  Quartz  veins 
mostly  conformable  with  bedding. 

Rock  20.  (From  one  of  thicker  beds.)  Pine,  almost  aphanitic, 
greenish-gray,  homogeneous,  tongh.  It  is  a  felsitic  schist.  Some 
beds  are  greenish  with  a  ixal  slaty  structure,  and  might  be  desig- 
nated a  chloritic  slate. 

3. —  MUD  CttEEK  AND  LAKE, 

Entering  Mud  creek  from  Vermilion  lake,  we  find  a  stream 
about  six  feet  deep  and  less.  The  water  is  clear,  but  filled  with 
Nitphar  Mea  (with  another  species)  and  exquisite  Npiaphira 
odorata.  In  N.  W.  \,  TK.  E.  i,  S.  8,  a  portage  of  a  third  of  a  mile 
occurs.     It  is  wet  and  difficult. 

HALT  12.  K.E.  1,  8.E.  i,  S.6,T,62-1J.  Bench  of  hill  north 
of  Mad  creek,  opposite  east  end  of  portage.  Strike  X.  60°  E., 
bending  to  K.  40°  E.  Dip  S.  87°.  Chloritic  slate,  passing  into 
argillyte  very  thin  and  slaty.  Interbedded  with  porodyte,  por- 
pbyritic  with  feldspar  and  quartz. 

Rock  21.    Chloritic  sericitic  schist. 

HALT  13,  First  foot  hill  a  few  rods  north  of  Halt  12,  54  feet 
above  Mud  creek.     Thinly  laminated  sericitic  schist.     Dip  90°. 

Rock  22.    aericiticschist— rustyblotches— feldspathicgrainB. 
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HALT  14.  N.  E.  i,  S.  E.  1,  8.  5,  T.  62-14.  Top  of  hill  20ft 
feet.  Strike  of  beds  N.  57°  R  Chloritic  slates,  very  irregular  in 
stiuctnre — thick  and  thin-bedded  —  some  gra;wa,cke-like  in 
aspect. 

Sock  23.     Graywacke. 

Here  are  some  fragments  of  jafipery  hematite.  Close  by  oa 
the  north  is  a  solid  greenish  rock. 

HALT  15.  Hill  20  rods  north  of  Halt  14.  Eock  poroditic, 
with  beds  of  chloritic  slate,  but  mostly  with  very  obscure  bed- 
ding.    Strike  X-  50°  E.     Dip  S.  88°.     Schistosity  X.  30°  E. 

MALT  16.  9.  W.  t,  N.  W.  i,  9.  3,  T.  62-14.  At  eastern  ex- 
tremity of  Little  Mud  lake.  At  base  of  hill.  Eock  poroditic^ 
A  considerable  greenish  material.  9ome  beds  pretty  compact, 
with  disseminated  grains  of  quartz,  and  also  grains  of  pale  green- 
ish feldspar — a  sort  of  quartz-porphyry.  Other  beds  a  little 
slaty,  with  sericitic  surfaces.     9trike  IS.  57°  E.     Dip  9.  70°. 

Here,  twenty  years  ago,  says  Charley,  our  Indian,  some  advent- 
urers blasted  an  excavation  in  the  hill-side.  I  see  nothing  to 
allure  them  except  a  little  yellow  pyrites. 

Itock  24.     Qnartzose  porphyry. 

HALT  17.  9.  E.  {,  N.  W.  i,  S.  3,  T.  62-14.  South  side  of  Mud 
lake.  Hill  rises  just  back  of  shore,  80  feet  high.  A  rounded 
range  of  quartz  porphyry,  not  essentially  different  from  what 
has  been  seen  so  frequently.  9ome  of  the  quartz  grains  are  half 
an  inch  and  over  in  diameter.  I  notice  here,  more  than  before, 
their  tendency  to  quadrangular  sections.  The  bedding  planes 
can  hardly  be  detected.  The  rock  is  profoundly  shattered  by 
joints.  It  is  impossible  to  get  normal  specioiens.  It  weathers 
whitish  gray  and  is  very  rough.  Strike  (what  seems  most  like 
it)  K.  79°  E.  Dip  of  bedding  78°  9.  Many  of  the  joints  coincide 
with  the  bedding;  others  run  H".  42"  E.  and  dip  N.  72°. 

Eock  26.     Quartz  porphyry. 

Roek  26.    Bluish,  fine,  compact  felsite. 

9ome  of  the  beds  of  this  formation  approach  a  slaty  character. 
There  are  beds  with  the  same  plicated  internal  structure  as  seen 
at  Halt  1.  Immediately  contiguous  are  hard,  bluish,  nearly 
homogeneous  beds,  breaking  iu  many  directions,  and  resembling 
a  fine  trap-like  anamesyte. 

Eock  27.     Anamesyte-like  (not  anamesyte). 

HALTIS.  S.W.i.  y.B.  i,  S.3,  T.  62-15— oralittleover  the 
line  in  T.  63.  Bock  similar  to  Bock  27.    Tery  rugged,  dark,  yeb 
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in  places  it  appears  thin-bedded,  and  approatdies  the  character 
of  an  argillitic,  chloritlc  achist  of  blni^-green  tint. 

Soek  28.     Anamesj-te-looking,  like  Bock  27. 

Rode  29.     Chloritic  schist,  very  irregular. 

\otwithstanding  the  bedded  spots,  I  can  not  find  any  general 
tread  to  the  beds.  They  are  short,  cnnetform  and  confased.  The 
rock  is  similar  to  the  last  meDtioiied,qnit«  at  the  water'sedge. 

ffALTl9.  8.  E.  i,  X-  E.  \,S.  3.  T.  6a  It.  Pointnorth  side  of 
Mad  lake.  Rock  exactly  like  that  at  Halt  17.  Strike  X.  59"  E. 
to  X.  68=  E.     Dip  90". 

Rtx^k  .30.     Quartz  porphyry,  same  as  Bock  25. 

ffALT20.  S.  E.  1,  S.\V.  i,  S.2,  T.  62-14.  On  portagesoath  of 
east  end  of  Mad  lake.  Two  ranges  of  hills  about  125  feet  high. 
Bock  greenish,  cbloritic,  like  that  at  Halt  19,  near  the  water. 

SALT  21.  N.\r.  1,  a.  12,  T.62-14.    On  the  portage.     Slight 

OUlCJ'Op. 

Rock  31.     Compact  graywacke. 

This  portage,  so-called,  passes  over  nnmerous  ranges  of  hills, 
and  is  aothiDg  more  than  a  trail.  The  rocks  seen  in  the  bills  are 
greenish,  compact  and  graywacke-like. 

4.  —  SAND   LAKE  AND   TICIXITY. 

The  portage  does  not  touch  the  little  lake  between  sectioas  2 
and  11.  It  exceeds  two  miles  in  length  and  winds  mach.  It 
terminates  ou  a  little  lake  bariag  an  island  in  the  centre.  This, 
according  to  Charley,  is  lake  A-ba-kwa,  or  Cat-tail  lake.  There 
are  no  outcrops  aroand  this  islaod.  On  the  west  side  is  a  port- 
age of  a  third  of  a  mile,  which  is  dry  and  cut  ont  as  if  for  a 
wagon  road.  The  lake  at  its  western  termination  is  Xameless. 
The  shores  of  this  lake  are  without  rock  exposures.  At  the 
southeast  angle  is  a  very  good  portage  of  about  a  third  of  a  mile. 
This  takes  us  to  Sand  lake,  or,  as  Charley  calls  it,  Mi-da-ung  9a- 
ka-i-kan. 

HALT  23.  S.  E.  J,  S.  W.  1,  S.  13,  T.  62-14.  Between  Same- 
less  and  Sand  lakes.  No  distinct  outcrops,  but  mauy  large 
pieces  of  jaspory  ha'iuatite  and  compact  gray-wacke. 

Rock  32,     Jasi)ery  ha'matite, 

HALT  24.  S.  E.  ].  X.  W.  1,  S.  13.  T.  62-14.  East  end  of 
Sand  lake.  Fine  sandy  beiich  without  rocky  outcrops.  A  few 
loose  Itowldors  line  the  shore  westward,  aiul  a  range  of  hills,  200 
feet  high,  stands  a  third  of  a  mile  back. 
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HALT  25.  N.  E.  \,  8.  "W.  \,  S  14,  T.  62-14.  Northwest  part 
of  SaDd  lake.  Outcrop  of  a  compact,  graywacke  rook,  near  the 
shore — very  hard  and  tongh,  and  full  of  joints,  but  much  like 
rocks  heretofore  seen,  at  Halt  21  especially.  In  some  of  the 
joints  are  surface  crystallizations  of  hEematite.  Some  portions 
show  obscare  mottlings.  The  weathered  aspect  of  the  rock  is 
mach  like  that  of  a  greenstone. 

Rock  33.  Graywacke.  Some  portions  approaching  chloritic 
schist,  but  this  is  the  same  as  heretofore  seen. 

HALT  26.  X.  W.  },  S.  W.  i,  9.  14,  T.  62-U.  A  ledge  of 
graywacke  rock  essentially  like  last,  bot  with  veins  of  a  reddish 
mineral  resembling  healandite,  and  some  disseminated  specks. 
I  notice  a  vein  of  heulandite  (T)  a  quarter  of  an  inch  wide,  hav- 
ing a  green  vein  of  epidote  in  the  center.  The  rock  contains  a 
good  deal  of  chlorite,  and  in  some  joints  this  becomes  conspicu- 
ous. 

Bock  34.  Chloritic,  massive  graywacke,  with  veins  of  heulan- 
dite (t)  and  chlorite. 

About  eight  rods  farther  inland  the  formation  is  essentially 
the  same,  but  contains  bands  of  a  mineral  having  a  metallic  Instre 
and  looking  like  jaspery  heematite,  but  it  gives  no  red  streak  — 
nor  black  one.  In  fact,  it  is  as  hard  as  quartz,  bat  too  lustrous 
for  a  mere  jaspery  mixture.     Contains  jasper  bands. 

Bock  35.  Grraywacke,  compact  and  massive,  with  metallifer- 
ous bands. 

We  passed  into  Armstrong  river  with  a  view  of  reaching  Arm- 
strong bay.  Soon  found  fallen  treea  obstructing  the  passage. 
Some  of  these  we  cut  out,  but  we  soon  learned  that  the  stream  is 
not  canoeable. 

HA  LT  27.  Armstrong  River  rapids,  about  one-half  mile  from 
the  entrance.  Here  is  a  disturbed  outcrop  of  black  jaspilyte 
interbedded  with  greenish  chloritic  schist.  Strike  N.  82°  W. 
Dip  N.  82=. 

Roek  36.     Black  jasper  schist. 

Rock  37.    Dark  chloritic  schist,  interbedded  with  the  last. 

I  find  in  this  jasper  schist  thin  bands  of  the  metallic  substance 
seen  at  Halt  26. 

A  quarter  of  a  mile  further  west  occur  other  rapids  and  nar- 
rows. As  no  distinct  trail  could  l)e  found  in  the  vicinity,  it  is 
evident  no  thoroughfare  exists  between  Sand  lake  and  Armstrong 
bay.     At  the  southwest  angle  of  Sand  lake  is  a  portage. 

HALT  28.  W.  side  N.  W.  },  S.  23,  T.  62-14.  Half  way  on 
port^e  to  Eagle  S"est  lakes.     Outcrop  of  graywacke. 
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5.  —  EAGLE  NEST  LAKES. 

hese  are  two  very  irregular  lakes  lying  in  the  Bouth  eastern 
t  of  T.  62-14.     Their  general  trend  is  northeast  and  south- 
t,  and  they  approach  within  a  quarter  of  a  mile  of  each  other, 
mnd  the  shores  of  the  northern  lake  is  much  Iott  ground,  but 
Lhe  southern  lake  are  uumerous  rocky  exposures. 
TALT  29.     a.  W.  \,  N.  E.  1,  S.  22,  T.  62-14.     Northern  ex- 
uity  of  North  Eagle  Nest  lake.     Outcrop  of  jasper  schists. 
TALT  30.     a.  E.  },  N.  E.  i,  S.  22,  T.  62-14.   Outcrop  of  epi- 
ic  graywacke  mixed  with  henlandite  (!), 
iocli  38.     Epidotic  graywacke  with  heulandite  (I). 
TALT  31.     N.  E.  i,  N.  W.  i,  S.  22,  T.  62-14.   Rock  schistose, 
16  parts  highly  ferruginoos. 

took  39.  Ferruginous  graywacke.  Needle  was  affected  here 
a  rued  eastward. 

lALT  32.  N.  E.  \,  N.  W.  i,  8.  33,  T.  62-14.  No  outcrops 
■ock  in  this  vicinity.     A  few  bowlders. 

lALT  50.  a.  W.  J,  N.  W.  i,  S.  27,  T.  62-14.  At  isthmus 
the  peninsula  on  northwest  side  of  North  Eagle  Nest  lake, 
^matioa  graywacke,  obscurely  bedded,  greenish  in  places  with 
dot« — some  epidote  veins — some  dough-like  masses  with 
-ous  bedding  in  section.  Innumerable  felsitic  veins  and  dis- 
linated  grains,  and  when  the  latter  weather  out,  the  aspect  is 
ygdaloidal. 

tock  54.     Epidotic  graywacke  schist. 
'iock  55.     Epidote  crystallizing. 
!  find  some  calcite  imbedded  In  the  rock. 
KALT  33.     N.  E.  i,  S.  E.  i,  S.  24,  T.  62-14.     Small  island  in 
Qth  Eagle  Nest  lake.     Sericitic  schist  with  bedded  structure 
tinet.     Not  so  soft  as  some  seen  —  more  compact.     Strike  N. 
'  E,   Dip  N.  82°.    Some  beds  reddish  with  red  fedspar  which, 
places,  forms  the  principal  mass,  and  amounts  to  a  fel&itic 
list. 

Rock  39  bia.    Sericitic  schist  more  compact. 
Hock  40.    Chloritio  sericitic  schist, 

BALT  34.     N.  E.  i,  8.  E.  i,  S.  26,  T.  62-14.     Main  land  op- 
site  Halt  33,  north.    Rock  a  compact  thick-bedded,  sericitic, 
ich-jointed  formation.     Strike  N.  71°  W,,  but  otecure  and 
icertain.     Joints  N.  8°  E. 
Eock  41.     Compact  chloritic  sericitic  schist. 
HALT  35.     N.  W.  i,  S.  W.  i,  S.  25,  T.  62-14.      Chloritic 
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sehiBt,  dark,  soft,  distinctly  bedded.    Strike  N.  75*  W. — second 
place  N.  84"  W.     Dip  N.  75°. 

Boek  42.     Chloritic  sericitio  scbist. 

Most  of  this  exposure  is  not  especially  chloritic  Veins  of  red- 
dish felsyte  exist. 

HALT  36.  N.  E.  i,  N.  W.  i,  S.  36,  T.  62-14.  Main  land. 
Cliff  50  feet  high.    Chloritic  sericitic  schist. 

HALT  37.  N.  E.  1,  N.  W.  i,  S.  36,  T.  62  14.  Main  land. 
Cliff  50  feet-     Dip  N,  80°.    Graywack©  sericitic  schist. 

HALT  38.  N.  W.  1,  N.  W.  i,  8.  36,  T.  64-14.  On  large 
Island.  Cliff  50  feet.  Chloritic  graywacke  schist,  some  portions 
qnite  fine,  compact  and  hard.     Distinctly  bedded. 

HALT  39.  8.  W.  i,  N.  W.  1,  8.  36,  T.  62-14.  Rock  islet  40 
feet  long  and  20  feet  broad,  consisting  of  jaspery  schist,  dark, 
banded,  hiematitic     May  not  be  in  place. 

The  needle  here  is  mach  disturbed.  As  nearly  as  I  can  judge 
by  the  sun,  the  strike  of  these  bands  is  JT.  18°  B. 

Bock  43,     Jaspery  ferrngi nous,  sericitic  schist- 

HALT  40.  N.  W.  i,  N.  W.  J,  S.  36,  T.  62-14.  Small  island. 
Bock  mostly  sericitic  schist,  bat  with  minute,  micaceous  glisten- 
ing scales. 

Rock  44.    Sericitic  or  damonrite  schist. 

HALT  41.  N.  AV.  1,  N.  E.  i,  S.  35,  T.  62-14.  West  point  of 
small  island.    Graywacke  schist. 

HALT  42.  S.  W.  1.  N.  E.  i,  3.  35,  T.  62-14.  Main  land. 
Chloritic  sericitic  schist. 

SALT  43.  S.  E.  i,  N.  W.  1,  S.  35,  T.  62-14.  Main  land. 
Sericitic  schist.   Beddir^  rather  distinct.     Strike  N,  82°  E. 

HALT  a.  8.  E.  i,  N.  E.  1,  8.  34,  T.  62-]4.  Little  island  not 
on  plat.     Sericitic  chloritic  schist. 

HALT  i5.  K  E.  1,  S.  E.  J,  8,  34,  T.  62-14.  Main  land. 
Chloritic,  sericitic  schist. 

HALT  46.  S.  W.  1,  K.  E.  i,  S.  34,  T.  62-14.  Islet  not  on 
map.  Chloritic  sericitic  outcrop,  with  quartz  disseminated  and 
in  veins.  Also  some  disseminated  feldspar  and  felsitic  bands. 
Bock  45.  Chloritic  sericitic  schist,  with  quartz  and  feldspar. 
HALT  47.  S.  W.  J,  N.  E.  i,  S.  34,  T.  62-14.  Point  of  main 
land.  Strike  N.  89°  E.  Dip  75°  N.  Bock  still  essentially 
chloritlc-sericitic,  with  parts  inclining  tograywacke.  Intersect- 
ed by  small  quartz  veins  and  by  -veins  of  felsyte — some  felsyte 
Teins  having  quartz  veins  along  the  middle. 

Much  of  the  rock  is  soft,  greenish  and  chloritic     The  weath- 
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ered  sor&oee  are  rough,  with  projecting  quartz  grains.  In  places 
the  quartz  reins  are  like  threads,  forming  a  net-work.  These 
veins  bare  no  determinate  direction. 

Portions  of  the  rock  are  a  greenid  felqrte,  bnt  these  are 
neither  in  beds  nor  reins.  They  are  very  fine  and  spbanitic. 
Some  of  the  felsyte  portions  are  porphyritic  with  feldspar. 

It  contains  amorphous  masses  of  qoaitz,  10  inches  by  15.  in- 
cluding smaller  masses  of  feldspar. 

Rock  46.    Serieitic  schist,  soft  portion. 

Rod:  47.     Petrosilex  and  fel^^te  bedded. 

SALTm,  S.  E.  V,  S.  W.  i.  S.  34,  T.  62-14.  Point  of  main 
land  marked  "Qoartz"  on  plat.     Strike  y.  S3'  B.    Dip  abont 

Outcrop  in  all  respects  similar  to  last,  bat  with  the  qoartzose 
and  felsitic  features  somewhat  stronger,  a  large  part  of  the  rock 
inclining  to  be  compact  and  bard. 

Bock  4S.     Serieitic  schist,  granular,  compact. 

HALT  4it.  \.  E.  i,  S.  E.  t,  S.  U.  T.  62-14.  Angle  of  main 
land.  Mining  operations  have  been  carried  on  here.  An  eighth 
of  a  mile  back  from  here  a  shaft  has  been  sank,  apparently 
twenty -five  feet  at  least. 

Rock  49.    Qaartzitic  serieitic  schist,  thick  bedded  and  rusty. 

Rock  50.     Chloritic,  serieitic  schist  with  pyrites. 

Rock  51.     Serieitic  schist  thin-laminated. 

Rock  52.     Quartz  vein,  ferruginoos. 

Rock  53.     Pyrites  in  qnartz. 

The  outcrop  is  not  essentially  different  from  many  others.  The 
formation  is  ftmdamcntally  serieitic,  and  planes  of  bedding  can 
be  seen  as  at  other  places,  but  the  first  rock  on  the  surfoce  is  a 
rusty  magncsian  rock  containing  grains  mostly  blended  with 
the  matrix,  but  reminding  one  of  the  poroditic  rock,  so-called, 
on  Tennillion  lake.  Some  specimens  even  contain  the  quartz- 
like  mineral,  so  much  resembling  andalnsite  in  form.  The 
wciithered  surfaces  are  quite  friable,  bnt  the  soand  rock  is  seen 
permeated  by  a  red  mineral.  This  is  Rock  49,  This  formation 
is  irregularly  intersected  by  qnartzose  and  feldspathic  veins  like 
that  at  Ilatt  47.  The  abandoneil  shaft  is  al>out  six  to  eight  feet 
in  diameter,  with  many  tons  of  rock  thrown  out.  Here  we  find 
the  most  abundant  fragments  are  a  chloritic,  serieitic  schist — 
Rock  50 — containing,  frequently,  cubes  and  masses  of  pyrites 
disseminated  through  it-  Other  portions  of  the  formation  are 
a  fine,  laminated,  translucent,  sericite  schi.st,  which  is  inter- 
.seeted  by  veins  of  quart?,  and  iron  pyrites.     This  is  Bock  51. 
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Many  quartz  veiDS  ran  through  the  whole  foTmatioD.  Bock 
52  is  a  sample,  containing  htematitic  stains,  verj  much  indeed 
as  in  some  argentiferooa  quartz.  Other  quartz  veins  are  per- 
vaded by  pyrites  in  abundance,  as  shown  in  Bock  53.  In  some 
cases  a  masH  half  the  size  of  one's  head  is  pure  pyrites.  The 
pyrites  and  quartz  are  sometimes  seen  to  be  intersected  by  mi- 
nute, sinuons  veins  of  a  dark,  lustrous,  iridescent  mineral  re- 
sembling "peacock  ore"  of  copper.  These  are  the  glittering 
minerals  which  sustained,  uot  without  some  reason,  the  hopes  of 
the  adventurers. 

SALT  51.  N.  W.  i,  S.  W.  1,  9.  13,  T.  62-U.  On  the  port- 
ly from  N.  Eagle  Jfest  lake  west.  Felsitic  graywacke,  epidotio 
like  that  at  Halt  50.    Strike  N.  68°  W.     Glacial  Htrise;20''  S.  W. 

HALT  52.  S.  E.  cor.  N.  E.  J,  S.  29,  T.  62-14.  On  the  port- 
age. Epidotie  graywacke,  weathering  sericiticin  aspect.  Strike 
east  and  west. 


This  smooth-topped  exposure  is  curiously  marked  by^veins  of 
asericitic  material  similar  to  i>ortions — especially  weathered  por- 
tions— of  the  country  rock.  The  formation  ^is  seen  stretching 
along  to  the  north  of  the  east  point  of  the  little  lakejin  sec- 
tion 29. 

HALT  63.  K.  E.  1,  S.  K  1.  S.  29,  T.  ti2-14.  East  end  of  lit- 
tle lake — Gem  lake.     Graywacke,  more  chloritic  than  epidotie 
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HALT  54.  S.  W.  i,  N.  E.  \,  3.  29,  T.  62-14.  North  side  of 
Oem  lake.  Oeneral  aspect  of  rock  slaty-blae  and  distinctly 
bedded.  It  might  be  called  compact  chloritic  slate ;  bat  it  re- 
tains a  graywacke  aspect,  showing  that  the  formation  is  fnnda- 
mentally  the  same.  Here,  also,  is  a  set  of  reticulating  serioitic 
veins,  like  those  at  Halt  S2 — bat  these  are  slaty  blae.  The  bed- 
^ng  lines  continue  their  eour»e  across  Oiese  veins.  This  indicates 
that  the  bedding  lines  are  ^aperindaoed  in  the  formation,  and 
not  sedimentary  planes.  Strike  S.  89°  E.  Joints  N.  30°  E. 
Same  rock  continues  west  to  near  porti^e. 


''f^iMf^^Js^s'/-  '^'"''^ 


HALT  55.     8.  E.  t,  N.  W.  1,  8.  29,  T.  62-14.     8.  W.  side  of 
Oem  lake.     Bock  exactly  like  that  at  Halt  64. 
Rock  56.     Chloritic  schist,  heavy-bedded. 
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Book  57.     Chloritic  schist  forming  a  rein. 

Strike  of  beds  E.  and  W.  lAaes  of  ttructnre  in  the  veins  here  in 
^ine  to  runparaU^  with  the  walU  of  the  veins. 

SALT  56.  Centre  of  N.  W.  i,  8.  29,  T.  62-14.  On  little  lake 
at  portage  aorthweet — Gem  Lake.  '  Oatcrop  exactly  tike  Halts 
54  and  55.  These  chloritic  schists  are  not  characteristic  schists, 
hot  approach  metamorphic  conditions,  having  a  striking  ex- 
ternal resemblance  to  diabasic  rocke.  They  are  eat  up  with 
joints,  and  the  bedding  is  very  irregular. 

The  structure  of  the  reins  follows  their  direction. 

A  blind  trail  leads  from  here  to  Saddleb^s  lake — the  next 
little  lake  to  the  northwest. 

SALT  57.  N.  ,W.  i,  X.  "W.  1,  8.  29,  T.  62-U.  8.  E.  side  of 
Saddlebags  lake.     Only  a  few  drift  bowlders  are  seen  here. 

HALT  68.  S.  W.  cor.  8.  20,  T.  62-14.  B.  side  of  Saddlebags 
lake.     Oatcrop  of  chloritic  gray  wacke. 

SALT  59.  N.  W.  i,  8.  W.  1,  8.  20,  T.  62-14.  N.  E.  pointof 
lake.  Graywacke,  barely  outcropping.  A  few  rods  back,  the 
rock  approaches  a  gabbro. 

SALT  60.  X.  I,  8.  E.  1,  S.  19,  T.  62-14.  N.  E.  shore  of  the 
lake.  Xo  outcrop,  but  we  find  a  bark  shelter  recently  occupied. 
Ascended  a  hill  to  the  north,  but '  found  no  oatcrop.  Turned 
south  around  the  swampy  point  but  found  nothing.  Attheshelter 
picked  up  a  fragment  appearing  to  contain  lameUar  labradorite 
— in  fiict  consisting  chiefly  of  it,  but  it  is  rather  soft. 

Rock  58.    Labradorite  (t)  chiefly. 

Found  also  some  loose  fragments  of  banded  htematitic  jasper, 
too  hard  to  glre  a  streak. 

Rock  59.     Ferniginous  jasper,  as  above. 

SALT61.  N.W.  J,S,W.  i,S.19,  T.  62-14.  Commencement  of 
portf^  to  Armstrong  bay — 16  rods.  Oraywacke  schist,  vertical 
—  8  rods  fiirther,  iron  jasper  schist — 16  rods  fortber.  ferruginous 
slate — 16  rods  beyond,  banded  iron  jasper  schist,  elevation 
about  200  feet —  20  rods  farther,  a  valley — 20  rods  beyond,  jas- 
per on  a  hill  ab<Ait  two  hundred  feet  high,  16  rods  still  farther, 
jasper  iron  schist.  Keedle  much  disturbed.  Thirty  rods  be- 
yond, red  and  black  iron  schist — 16  rods,  chloritic  graywacke 
schist.    Here  is  a  little  cool  creek  running  weet. 

SALT  62,  N.  W.  t,  N.  E.  i,  S.  19,  T.  62-14.  Hill  on  port- 
age, 200  feet  high.     Large  outcrop  of  quarts  porphyry. 

Bock  60.     Qnartz  porphyry. 

This  is  succeeded  abruptly,  on  the  north,  by  jasper  schists 


.vGoogIc 


36  FIFTEENTH  AHNUAI,  BEPOBT 

dipping  N.  82°,  20  rods — followed  by  porphyry  again,  20  rods. 
Then  jasper  schist,  brecciated  and  qnartzose,  vith  a  matrix  of 
qaartzoee  porphyry,  twenty  rods,  theu  a  feeble  exposare  of 
mottled  felsyte,  30  rods,  then,  flnalty,  qaartzose  porphyry. 
Nothing  more  outcrops  for  60  rods,  to  the  end  of  the  portage. 
The  distances,  of  coarse,  are  simply  estimated. 

We  may  now  write  in  order,  the  rocks  observed  southward 
from  Armstrong's  bay: 

No  rock  observed  in  place IG  Tods 

Qnartzose  porphyry ^  25  " 

Mottled  felsyte— wnall  exposure. 30  " 

.  Jasper  echist,  bt«crjat«<l  and  <]aaitzo«e 24  " 

Qnarte  porphyiy  (200  feet) S.'i  " 

Jasper  schist,  dipping  N.  82°  E ii  " 

QnortE  porphyry 12  " 

Valley  and  little  Btream 12  " 

169  " 

Chloritje  graynacke  Bohist 16  " 

Bed  and  black  jEtHper  iron  schists 30  " 

Jasper  iron  schist.     Needle  disturbed 16  " 

Iron  jaepet  (200  feet) 20  " 

Valley 20  " 

Banded  iron  jasper  schist  (200  feet) „ 16  " 

Iron  slsites m  " 

Iron  jasper _  H  " 

Graywaeke  schist,  verticaL 18  "' 

Total,  5,300  feet :)-i7  rodji 

The  whole  section  of  6,200  feet,  in  a  straight  line,  is  divisible 
into  a  quartzose  porphyry  series  of  about  2,700  feet  and  a  jaspery 
series  of  2,600  ifeet. 

6.   BUHNTSIBB  LAKE. 

This  noble  and  beantifnl  lake,  called  by  the  Indians  Ga-na- 
ba-ne-ia-bi-gi-teia-ga-mak,  stretches  diagonally  across  township 
63-13.  It  extends  about  a  mile  into  i-ange  14,  and  a  mile  and  a 
.  half  into  range  12.  A  northern  arm  not  less  than  three  miles 
long,  reaches  into  township  61;  but  neither  this  township  nor 
the  one  on  the  west  has  yet  been  surveyed,  and  the  locations  of 
halts  within  them  are  yet  conjectural.  Into  a  northern  arm  of 
the  lake  empties  a  deep,  clear  and  beatable  stream,  which  issues 
from  three  small  lakes,  the  largest  of  which.  Pretty  lake,  is  over 
a  mile  long,  and  extends  into  township  64.     The  whole  length  of 
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Borntside  take  is  about  eight  and  one-lialf  miles,  and  ite 
mean  breadth  aboat  one  and  one-half  miles.  Its  shores  are 
mostly  rocky  and  elevated,  bat  uot  inaccessible.  Handreds  of 
rocky  islands  diTersify  its  surface  and  constitnte  quite  a  laby- 
rinth. The  original  forest  has  mostly  disappeared  by  burning, 
though  24^orway  pine  of  fair  quality  occnis  in  patches  along  the 
south  shore;  and  white  and  Nonray  pines  of  fine  groTth  oecar 
upon  the  shores  of  the  little  lakes  and  the  deep  bay  upon  the 
northern  border.  The  thin  soil  is  in  possession  of  great  quanti- 
ties of  blueberry  and  raspberry  bushes,  which,  in  their  season, 
fnrnish  a  grateful  supply  of  food,  while  at  all  times,  the  scarlet 
wintergreen  berries  supply  a  garnish  to  the  dun  aspect  of  the 
surfiice.  The  lake  abounds  in  excellent  pickerel  and  pike,  and 
it  is  said  the  white  fish,  as  in  Vermilion  lake,  is  sometimes 
cai^ht.  Some  day,  the  pleasure-seeker  will  discover  the  charms 
of  Borntside  lake  to  exceed  those  even  of  the  "Thousand  Is- 
lands'' in  the  St.  Lawrence. 

Opportunities  for  geological  study  are  unsurpassed.  The 
primitive  mossy  covering  has  been  removed  from  the  rocky  ex- 
posures by  fire,  and  whole  acres  of  rocky  beds  lie  with  their  np- 
tnmed  edges  ready  for  the  geolc^ist  to  trace  their  succession 
across  thousands  of  feet,  and  note  the  methods  of  transition  from 
formation  to  formation.  Here  in  iact,  is  the  most  instructive 
geology  in  the  Northwest  Careful  studies  were  made  upon  all 
sides  of  the  lake  and  on  scores  of  the  islands. 

Only  the  western  portion  of  the  north  shore  of  the  lake  re- 
mains unstudied. 

The  route  proceeds  from  the  eastern  extremity  of  Mud  lake 
over  the  usual  portage  and  thence  along  the  western  and  south- 
ern shores  to  the  eastern  extremity,  excursions  being  made  to 
several  of  the  islands  on  the  way.  Prom  the  eastern  extremity 
the  route  returns  over  the  north  shore  and  the  contiguous  islands 
on  the  one  hand,  and  lakes  on  the  other  to  section  16,  where  the 
surv^  was  interrupted. 

SALT  68,  About  one-fourth  mile  on  portage.  Outcrop  of 
graywacke. 

The  portage  embraces  a  broad,  wet  swamp;  but  half  the  port- 
age is  dry.    The  swamp  lies  between  two  ranges  of  hills. 

SALT  69.  Sec  25  (supposed)  T.  63-14.  Near  end  of  portage, . 
on  creek  flowing  into  Burnside  lake.  Outcrop  of  micaceous 
schists.  Strike  N.  ^9°  E.  Dip  N.  60°.  These  schists  eonsist 
apparently  of  biotite,  moscovite  and  quartz.  The  mica  scales  are 
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fine.  The  mnscovite  is  light  gray  and  looks  serieitic,  but  the 
scales  are  bright.  The  formation  is  intersected  by  veins  of  bi- 
otibe  granite  belonging  to  two  systems,  as  shown  below. 


From  this  point  a  fine  and  navigable  creek,  six  feet  deep  and 
and  twenty-five  feet  wide,  flows  into  Burnside  take. 

HALT  70.  8.  251  T.  63-14.  On  creek  three-foarths  mile 
beyond  iKirt^e.  Mica  schist  exactly  like  that  at  Halt  69.  It 
rises  in  a  high,  broken  front  with  granite  veins  as  in  the  other 
locality. 

HALT  71.  Sec  36T  T.  63-14.  About  W  miles  beyond  the 
portage.  A  wall  of  massive  mica  schist  comes  down  to  the 
water,  having  two  sets  of  granite  veins  as  at  Halt  69. 

Sock,  61.    Compact  graywaoke  mica  schist. 

Rock  62.    Oranite  vein. 

SALT  72.  One-fourth  mile  from  Burntside  lake-  North  side 
of  creek.  Oraywacke  mica  schist,  with  a  net  work  of  granalyte 
veins. 

HALT  73.  On  the  opposite  side,  at  the  entrance  to  the  lake, 
a  bold  promontory  of  mica  schist  intersected  by  granitic  veins. 
Similar  bold  blafTs  continue  along  the  west  end  of  the  lake.  Dip 
,N.  60". 

At  one  place  is  a  granitic  intrusion  about  forty  feet  vide. 
Consists  of  rather  fine-grained,  reddish  feldspar  and  qaartz, 
with  many  lai^  grains  of  free  quartz. 
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Farther  along  (west  eod)  the  mica  schist  ia  very  tine  and  com- 
pact, and  still  ooDtains  veins  of  granite.  Same  continneeto  liT.  W. 
corner  of  lake. 

HALT  74.  Sooth  shore,  near  the  S.  W.  corner  of  the  lake. 
Tery  fine  and  compact  micaoeous  rock. 

SALT  76.  N.  W.  \,  8.  W.  i,  8.  32,  T.  63-13.  Base  of  point 
south  shore  of  Barnbslde  take.  Very  fine  grained  mica  schist, 
bluish  and  hard,  and  having  gianitic  veins. 

Ro<^  63.    Graywacke  mica  schist. 

Bock  64.  Very  fine  compact  mica  schist. 

HALTn.  a.  W.  1,  N.  W.  i,  8.  32,  T.  63-13.  On  the  point. 
Mica  schist.    Strike  N.  58°  E. 

Bock  65.    Mica  schist. 

HALT  IS.  Near  centre  of  section  32,  T.  63-13.  Well  marked 
mica  schist  distinctly  laminated  and  fine-grained.  Dip  S. 
60°. 

Bock  66.  Mica  ttchist. 

HALT  79.  N.  W.  \,  N.  E.  t,  S.  32,  T.  d3-13.  At  extremity" 
of  point.  Mica  schist  with  granitic  dikes.  Strike  X.  71°  B.  to 
N.  78°  E.     Dip  8.  60°. 

HALT  80.  N.  E.  i,  8.  E.  \,  See.  29,  T.  6313.  Mica  schist, 
fine,  compact,  bnt  slaty  and  argillitic     Strike  N.  70°  E. 

Bock  67.    Ai^Uitic  mica  schist. 

HALT  81.  S.  W.  J,  N.  W.  i,  S.  28,  T.  63-13.  Fine  mica 
schist.    Strike  K.  69°  K    Dip  S.  63°.    Glacial  striw  8.  19°  "W. 

HALT  82.  S.  W.  i,  8.  W.  i,  8.  21,  T.  63-13.  Mica  schist, 
characteristic  Wonld  make  good  scythe-stones  and  good  flag- 
ging.    Breaks  spontaneously  into  good  shapes. 

Book  68.     Mica  schist,  characteristic. 

HALT  83.  S.  W.  1,  8.  B.  i,  S.  21,  T.  63-13.  Nothing  hut 
light  drift 

HALT  84.  N.  E.  1,  8.  E.  1,  8.  21,  T.  63-13.  Sooth  point  of 
large  island.  A  very  rocky  shore  vrith  angles  and  isolated  crags 
giving  a  most  ragged  aspect.  Formation  fundamentally  a  fine- 
grained but  distinctly  laminated  schist.  Strike  N.  67°  E.  Dip 
82°.  Extensively  intersected  by  granite  intrnsioos.  The  gen- 
eral tendency  of  these  is  to  conformability  with  the  bedding;  bat 
they  split  and  swell  and  branch  in  every  conceivable  manner. 
Here  is  one  example. 
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The  granite  is  mostly  with  very  little  mica.     The  svellings 
and  some  of  the  small  coDDections  are  coarse  graaulyte  in  which 


»»<u&  M,4a«t  kfHkH 

the  qnartz  is  very  conspicuous  and  sometimes  almost  entirely 
displaces  the  orthoclase. 

SALT  85.  S.  W.  i,  N.  E.  i,  8.  21,  T.  63-13,  Enormous  abut- 
ment of  mica  schist  so  cnt  up  with  intruded  granite  that  half  the 
mass  is  granitic. 

^SALT  86.  N.  W.  \,  N.  E.  J,  S.  21,  T.  63-13.  N.  W.  point  of 
same  large  island.  Formation  largely  taken  up  with  intruded 
granite.  A  most  intereiding  exhibitvm.  There  is  a  distinct  tend- 
ency of  the  granite  to  conform  with  the  bedding,  but  it  is  no- 
where exact.  It  lies  iu  some  places  in  great  masses.  It  is  of 
two  kinds;  one  with  reddish  orthoclase  and  the  other  with  whit- 
ish; but  these  do  not  appear  to  belong  to  two  systems  of  injec- 
tion. In  the  former,  the  feldspar  much  exceeds  the  quartz.  In 
neither  is  mica  conspicuous,  even  when  present. 

Notwithstanding  the  abundance  or  granite,  the  mica  schist  is 
everywhere  distinctly  laminated. 
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The  granite  and  schist  are  mingled  not  only  Chroagh  abon- 
dacce  of  granite  injections,  bat  by  much  interpenetration  on  a 
small  scale.  Portions  of  the  rock  are  so  ribboned  with  granitic 
and  schistose  ingredients  irregnlarly  succeeding  each  other,  that 
the  rook  is  literally  schlsto-granitic. 

The  appearance  of  this  region  indicates  a  gradual  passage 
from  mica  schist  into  granite — not  mineralogically,  bat  struc- 
tarally. 

The  bedding  of  the  schists  is  often  locally  bent  by  the  granite. 
Strike  of  beds  N.  82°  E. 
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HALT  87.  N.  E.  J,  N.  B.  \,  8.  21,  T.  63-ia  Northwesterly 
point  of  island.  All  a  mass  of  mica  schist  permeated  by  granite. 
Dip  vertical. 

HALT  88.  8.  W.  1,  N.  W.  1,  S.  22,  T.  63-13.  On  the  island. 
Mica  schist  with  north  dip  of  about  87°. 

HALT  89.  S.  W.  \,  S.  W.  1,  8.  23,  T.  63-13.  Main  land.  BosB 
of  rock  100  feet  high.  Fondamentally  fine,  compact  mioa  schist; 
in  places  having  hnndreds  of  veins  of  epidot>e  traversing  it,  ooq- 
formably  with  the  bedding;  also  many  veins  of  quartz  similarly 
conformable,  and  others  croaaii^  the  beds.  Also  veins  of  epidote 
across  the  bedding.     Strike  N.  63°  W.     Dip  66°  8. 

HALT  90.  N.  W.  1,  8.  W.  1, 8.  23,  T.  63-13.  Rounded  point 
of  main  land.  A  mass  of  granite.  Considerable  search  is  re- 
quired to  discover  any  schist  wliatever.  The  principal  mass  of 
the  granite  is  a  medium-grained  biotite  granite.  This  is  inter- 
sected by  two  systems  of  granitic  veins  —  one  of  which  is  fine- 
grained, with  little  mica,  and  the  other  a  granulyte.  The  feld- 
spar in  all  is  tight  colored,  and  there  is  also  some  mnscovite. 

Of  mica  schist  the  only  example  found  is  about  two  feet  wide. 
It  is  fine-grained,  compact,  brittle.  It  forms  on  two  sides  a  sharp 
junction  with  the  granite,  but  is  in  places  penetrated  by  granitic 
intrusions.  It  approaches  the  character  of  a  fine  gneiss.  I  have 
traced  this  bed  of  schist  aboat  60  feet,  in  a  direction  X.  71°  K 

A  hill  rises  in  the  rear,  76  feet  high,  but  is  covered  by  drift. 

HALT  91.  Centre  of  8.  W.  \,  8.  23,  T.  63-13.  Great  mass 
of  hornblende  schist,  with  considerable  feldspar,  intersected  by 
quartzose  veins  mostly  conformable  with  the  bedding.  Also  by 
a  dike  of  fine  light-coloqed  mnscovite  granite  2k  feet  wide,  strik- 
ing N.  Sl°  E.  Strike  of  the  schist,  K.  69°  K  Dip  south  but 
nearly  vertical. 

Adjoining  this  on  the  south  the  rook  assumes  the  character  of 
a  syenitic  gneiss,  with  much  hornblende.  This  gneissic  mass  fe 
extensively  intersected  by  veins  which  are  either  quartzose,  fel- 
sitic  or  epidotic  —  sometimes  a  felsitic  vein  being  split  by  a 
quartzose  one.  The  gneissic  mass  —  so  called — is  properly  a 
very  massive  hornblende  schist. 

In  this  part  is  a  granite  vein,  nine  inches  wide,  running  with 
the  strike,  and  having  itself,  on  the  weathered  suriaoe,  structure 
lines  parallel  with  the  bedding  planes  of  the  schist.  This  vein  is 
&alted  twelve  inches,  and  terminates  abruptly  in  its  eastward 
extension.   It  is  not  a  proper  granite,  but  a  compact,  fine-grained 
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Moek  69.     Hornblende  schist,  very  massive. 

Rock  70.    Dike  in  the  hornbleode  schist. 

HALT  92.  Centre  of  S.  W.  1^  of  S.  23.  T.  6313.  Mica  schist 
intersected  by  many  veins  of  granite,  granulyte  and  qnartz. 
This  is  the  whetstone  rock,  again,  of  Halt  82.  Strike  N.  86"  B. 
Dip  50°  S.  near  shore,  83°  on  the  hill. 

Embraced  in  the  mica  schist  is  a  mass  of  light-colored  grann- 
lyte  enrroanded  by  the  schist  on  all  sides,  and  embracing  frag- 
ments of  the  schist,  vhioh  still  retain  their  laminated  structnre 
and  their  original  position.    See  Fig.  16. 


The  grannlyte  contains  also  a  layer  of  mnscovitic  hornblende 
schist. 

SALT  93.  N.  W.  1,  S.  E.  t,  S.  23,  T.  63-13.  Mica  schist. 
Strike  N.  60°  E. 

HALT  94.  S.  W.  i,  N.  W.  i,  9.  24,  T.  63-13.  Mica  schist,  very 
distinctly  thin  bedded,  bnb  solid  and  ringing. 

HALT  95.  N.  E.  1,  N.  W.  i,  S.  24,  T.  63-13.  Boss  of  hydro- 
mica  granite,  bat  with  hornblendic  mica  schist  joining  abruptly 
on  the  Bonth. 

Rock  71.    Hydromica  granite. 

HALT  96.  8.  E.  I,  S.  W.  i,  8.  13,  T.  63-13.  On  island.  Hy- 
dromica granite  with  coarse  grains  of  quartz  and  white  feldspar. 
Intersected  by  pinkish  veins  of  vitreous  granite  withont  mica. 

HALT  97.  N.  E.  J,  N.  W.  i,  S.  24,  T.  63-13.  Main  land  op- 
posite island.     Hydromica  granite  exactly  like  last. 


.vGoogIc 


44  FIFTEENTH  ANNUAL   REPORT 

SALT  98.  N.  E.  i,  S.  E.  1,  S.  13,  T.  63-13.  Hydromica  gran- 
ite. 

HALT  99.  N.  W.  1,  N.  E.  i,  S.  18,  T.  63-12.  Point  of  main 
land.  Mass  of  granite  through  which  pass  beds  of  hornblende 
schist,  having  strike  N.  78°  E.  One  of  these  beds  is  3  feet  wide 
and  can  be  traced  30  feet,  when  it  disappears  ander  the  soil. 

Rock  72.     Granite  from  Halt  99. 

Sock  73.     Hornblende  schist  in  bed  embraced  in  granite. 

SALT  100.  N.  E.  1,  N.  E.  i,  8.  18,  T.  63-12.  Granite,  bnt 
with  inelasions  of  dike  matter. 

Bock  76.     (See  74  at  Halt  106.)    Dike,  at  Halt  100. 

HALT  101.  a.  E.  i,  N.  E.  i,  S.  18,  T.  63-12.  Biotite  granite, 
mediam  grained. 

HALT  102.  Island  near  east  end  of  Burntaide  lake.  Granite 
of  light  color  exteriorly,  intersected  by  veins  of  reddish  granu- 
lyte.  Here,  also,  is  another  bed  of  hornblendic  matter  appear- 
ing like  a  dike,  and  having  some  resemblance  to  a  fine  dioryte. 

HJ  LT  103.  Near  centre  of  S.  8,  T.  63-12.  Granite.  Funda- 
mentally hydromica  granite  of  light  color,  bnt  extensively  inter- 
sected by  dike-like  beds  of  dioryte-like  hornblende  schist,  and 
inolading  some  black  chunks  of  fibrons  hornblende  schist. 

This  sort  of  granite  continues  sonthwestward  along  the  lake 
shore. 

HALT  104.  North  sideS.  18,  T.  6312.  Granite  with  many 
lai^e  qnartz  grains. 


This  is  intersected  by  a  dike-like  intmsion  of  dark  color,  fine 
grain,  appearing  to  be  madenp  of  hornblende  and  afeldspar,  and 
having  a  very  dioryte-like  look.  Still,  these  intrusions  have 
reached  this  igneous  aspect  by  so  obvious  a  gradation  l^m 
hornblende  and  mica  .schist,  that  one  is  led  to  believe  the  mat- 
ter was  once  simple  schist,  then  softened,  altered  and  squeezed 
into  fissnres. 

HALT  105.     N.  W.   1,  N.  W.  i,  S.  18,  T.  63-12.      Extremity 
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of  point  or  near  it.  At  water's  edge  rock  is  lai^ely  fine  dioryte, 
bat  on  the  bill  it  is  the  usoal  granite. 

HALT  106.  TwCDty  rods  from  S.  end  of  island.  Dioryte, 
coarse,  containing  black,  Instrons  horableode  and  a  pink  feld- 
spar. A  handsome  rock,  suitable  for  fine  architecture  and  mon- 
ameuts. 

Bock  74.     See  75,  Halt  100.     Dioryte  (or  hyposyenyte.) 

HALTZm.  N.  W.  J,  N.  W.  \,  S.  13,  T.  63-13.  Large  island. 
Hydromioa  granite,  medium  grained. 

HALT  351.  8.  E.  \,  S.  E.  i,  Sec.  U,  T.  63-13.  Small  island. 
Hydromica  granite. 

HALT  353.  N.  W.  i,  S.  W.  i,  S.  13,  T.  63-13.  Small  island. 
Hydromica  granite  with  coarse,  disseminated  grains  of  quartz. 
In  places  these  grains  are  one-fonrth  inch  in  diameter,  and  the 
reddish  orthoclase  is  still  coarser. 

HALTZbi.  a.  W.  i,  N.  W.  \,  S.  13,  T.  63-13.  Small  island. 
Hydromica  granite  and  muBcovite  granite.  At  one  place  1  ob- 
served a  patch  in  vhich  hornblende  was  the  dark  mineral.  We 
still  have  coarse,  disseminated  quartz. 

HALT  3^.  N.  E.  \,  K.  E.  \,  S.  13,  T.  6313.  Mostly  a  hy- 
dromica granite,  with  coarse,  disseminated  grains  of  quart>z. 
The  longer  dimensions  of  these  grains  lie  in  a  direction  X.  60°  E. 
The  rock  is  intersected  by  numerous  veins  of  grannlyte  with 
reddish  orthoclase.  InWnie  detached  masses  of  granulyte,  which 
I  think  are  nearly  in  place,  I  find  portionswith  reddish  feldspar, 
portions  with  white  feldspar,  and  other  portions  extraordinarily 
coarse.    I  see  included,  also,  rounded  masses  of  hornblende  schist. 

HALT  35«.  N.  E.  i,  N.  E.  \,  S.  13,  T.  6314.  The  principal 
rock  is  a  biotite  granite,  but  it  is  intersected  by  a  dike  of  dio- 
ryte, which  itself  incloses  many  angalar  and  rounded  fragments 
of  granulyte,  and  is  also  interaected  by  dikes  of  granulyte. 

Rock  1E6.     Biotite  granite,  somewhat  hydromicaeeons. 

HALT  357.  N.  E.  1,  N.  E.  i,  S.  13,  T.  63-13.  Mass  of  gran- 
ulyte, very  variable  in  texture,  and  presenting  still  farther  va- 
rieties in  its  veins  and  dikes.  As  exposedon  the  shore  in  a  nearly 
vertical  wall,  it  has  the  appearance  of  the  ordinary  bedded 
schists  dipping  K.  at  an  angle  of  70°.  This  illusory  appear- 
ance is  due  to  joints,  which,  with  another  set  making  an 
angle  of  75°  or  80°  with  these  give  the  formation  a  columnar 
structure. 

Rock  157.  Hydromica  granite  from  a  portion  of  the  above 
mass.     This  is  a  piece  of  a  quadrangular  prism. 
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I  fiad  a  boulder  here  of  a  very  remarkable  character.  It  is  a 
mass  of  quadraDgalar  crystals  of  feldspar  which  anweathered 
are  bluish,  but  on  feathering  assume  a  slightly  pinkish  tint. 
These  are  imbedded  in  a  matrix  of  dark  greenish  matter,  which, 
I  think,  mnfit  be  essentially  augite.  The  rock  most  be  either 
diabase  or  noryte. 

Rock  158.     Noryte,  as  above. 

HALT  358.  N.  E.  i,  N.  B.  i,  S.  13,  T.  «3-13.  Biotite  gran- 
ite.    Intersected  by  veins  of  granalyte. 

HALT  359.  N.  E.  \,  N.  E.  i,  8.  13,  T.  63-13.  Medium- 
grained  biotite  granite.  Contains  a  dike  of  fine  dioryte  fifteen 
inches  wide  and  dipping  N.  23°.  The  dike  varies  to  coarser 
dioryte  and  is  intersected  by  veins  and  dikes  of  granite.  The 
dioryte  contains  a  very  large  proportion  of  hornblende. 

HALT  360.  S.  W.  i,  S.  E.  i,  S.  12,  T.  63-13.  The  rock  at 
the  beach  is  granite,  varying  from  white  to  reddish,  and  to  gran- 
nlyte.  A  little  back  I  find  a  band  of  dioryte.  Then  nnmeroas 
bands,  and  more  nnmerous  as  I  proceed  north,  until  the  forma- 
tion is  two-thirds  dioryte  and  one-third  granite.  The  dioryte 
bands  are  sabstautially  parallel  with  each  other  and  strike  N.  E. 
Examining  this  bedded  dioryte  with  a  lens,  I  find  no  qnartz  and 
no  mica;  bnt  further  from  the  shore  I  see  minute  glistening 
specks  which  give  a  suspicion  of  mica,  but  nothing  more. 


Hook  159.     Granite. 

Bock  160.    Interbedded  granite  and  dioryte. 

Bock  161.     Bedded  dioryte. 

At  the  distance  of  three  hundred  feet  back  from  the  shore 
(northward),  the  dioryte  has  developed  a  few  small  grains  and 
lamiafe  of  quartz  which  displaces  part  of  the  feldspar;  and  there 
are  now  present  obvious  laminee  of  biotite,  with  a  siispicion  of 
muscovite. 

The  dark  rock  is  now  essentially  a  micaceous  hornblende 
schist.    It  is  interbedded  with  grannlyte  and  strikes  N.  80°  E. 

Rock  162.     Micaceous  hornblende  schist. 
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In  its  contact  with  granite  beds  it  adapts  itself  to  the  ineqoal- 
ities  of  the  granite,  as  shown  in  figure  17.  At  some  points  the 
granite  itself  is  a  biotite  gneiss. 

I  find,  also,  characteristic  coarse-grained  dioryte,  but  whether 
in  dikes  iDteisectiog  the  bedding  of  the  formation,  or  in  con- 
formable beds,  I  ooald  not  ascertain. 

The  formationbas  now  become  somewhat  nondescript, oonsiating 
of  perhaps  one-fourth  interbedded  granite,  nearly  three-fourths 
slightly  micaceons  hornblende  schist,  and  the  remainder  of  syen- 
itic  gneiss  and  granular  dioryte.  In  this  mixed  state  it  trends 
"S.  E.  and  forms  a  rocky  range  on  the  north  side  of  the  bay,attain- 
iog  an  altitude  of  fifty  feet. 

HALT  361.  a.  E.  i,  S.  W.  1,  8. 12,  T.  63-13.  Here  we  see  there 
markable  stmctoral  features  shown  in  Pig.  17.  The  formation  is 
about  half  granite  and  half  mica  schist.  The  diagram  shows  the 
mode  of  transition.  The  rocky  materials  are  more  confused  than 
at  Halt  360. 
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a.  Reddish  compact  Kraoalyte  with  a  little  mnscovite. 

b.  Whitish  graaite  with  abundance  of  biotite. 

c.  Whitish  biotite -granite. 


A  little  baek,  the  formation  embraces  a  vein  which  looks  mach 
like  a  mass  of  diallage.     It  contains  also  a  little  mica. 

Rock  163.     Diallage  (t)  fi-om  a  vein  as  above. 

HALTZm.  8.  W.  \,  S.  W.  1,  S.  12,  T.  63-13.  Granite  and 
schist  mixed,  but  with  preponderance  of  granite. 

HALT^Z,  S.  E.  1,  S.  W.  i,  S.  12,  T.  63-13.  Granite  and 
mica  schist  mixed  as  before.  The  schist  is  folly  three-foarths  of 
the  whole. 

SALTS^.  Centre  S.  W.  1,  S.  12,  T.  63-13.  Mica  schist  with 
much  granite  mixed  in  the  form  of  veins  and  dikes. 

HALTm^.  N.  E.  1,  a.  W.  1,  S.  12,  T.  63-13.  More  than 
'  half  granite.  The  mica  schist  is  variously  interbedded  as  before. 
Also  dioryte  and  syenite. 

Rock  164.  Granite  with  green  feldspar.  An  enormous  bluflf 
sixty  feet  high. 

^^£T366.  N.  E.  1,  S.  E.  1,  S.  12,  T.  63-13.  Granite  and 
mica  schist. 

if^Xr367.  N.  E.  1,S.  W.  I,  S.  12,  T.  63-13.  Granite  and 
mica  schist. 

HALTBG8.  S.  W.  1,  S.  W.  1,  S.  12,  T.  6313.  Mica  schist 
and  granite  —  the  former  predominating.  The  schist  is  mostly 
very  hard  and  very  fine,  but  it  is  genuine. 

HALT3Q9.  S.W.  1,  S.  W.  I,  S.  12,  T.  6313.  Mica  schist  and 
granite  with  preponderance  of  schist.  Here  lies  a  detached  mass 
on  the  top  of  a  blnlT,  12  feet  high,  15  feet  long  and  lli  feet  wide. 

HALTSTO.     N.  W.  \,  9.  W.  i,  S.  12,  T.   6313.     Granite  and 
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mica  scliist  —  the  granite  ranging  from  ouefourth  to  two-thiids 
of  the  whole  mass  —  varying  with  locality.  Contains  veins  of 
epidote  Its  a  constituent  in  certain  places. 

HALToTl.  N.  E.  1,  S.  E.  i,  9.  11.  T.  63-13.  In  the  stream 
entering  from  hortb.     Granite  and  mica  schistl 

SALT372.  y.  E.  1,  N.  E.  1,  S.ll.T.  63-13.  All  granite,  with 
feldspar  raiigingfrom  reddish  to  white.  I  find,  however,  some 
dioryte  schist  interbedded. 

HALT  373.  K.  W.  i.  Js.  \V.  },  S.  12,  T.  63-13.  Mostly  gran- 
ite, but  with  included  masses  of  dioryte  -schist  and  micaceous 
schist.     (For  dioryte  specimen  see  Eock*168.) 

HALT  374.  K.  W.  J,  corner  S.  12,  T.  63-13.  On  creek.  Could 
not  land,  but  conld  see  that  the  rock  ^consists  of  granite  and  a 
dark  bedded  material. 

HALT  375.  X.  W.  \.  S.  W.  i,  S.  12,  T.  63-1-).  Granite,  all 
interbedded  with  biotite  schist  quite  dioryte-looking  on  the 
weathered  surface. 

RALT37ti.  8.  W.  J,  9.  W.  1.  8.  1,T.  63-13.  Granite  and  a 
dark  rock  which  I  gnet^  to  be  mica  schist,  since  I  conld  not  get 
to  it. 

HALTZ77.  S.  E.  i,  S.  W.  !.  S.  1,  T.  63-13.  Granite  and  mi- 
ca scliist  about  equal. 

HALT37^.  N.  E.  J,  8.  W.  1,  8.  1.  T.  63-13.  Entrance  to 
Pretty  lake.  Gneiss  of  two  varieties,  interbedded  with  gray- 
wacke  mica  schist. 

HALT  379.  Near  centre  of  8.  3,  T.  63-13.  Mica  schist  and 
granite  as  3  to  1.     The  schist  biotitic, 

HALT  380.  Near  centre  of  8.  1,  T.  63-13.  Mica  schist  and 
granite  interbedded,  about  3  to 2.     Large  exposure. 

HALT  381.  N.  E.  ) ,  8.  1,  T  63-13.  Mica  schist  mostly,  but 
also  granite  and  beds  appearing  like  a  mixture  of  biotite  and  au-- 
git*-- 

Eoek  16.5.     Mixture  of  biotite  and  angite? 

HALT  382.  S.  E.  i,  8.  36,  T.  61-13.  Mostly  biotite  schist,  very 
compact  and  apparently  diatlugic. 

llocl- 166.     Dialiagic  biotite  schist  (!) 

HALT  383.     S.  E.  I,  8.  36,  T.  64-13.  Near  extremity  of  Pretty 
lake,     Eock  largely  giieissic,  but  with  much  mica  schist.    .  Here 
"    is  a  detached  mass,  hai-dly  a  boulder — 35  feet  by  21  feet  by  151 
feet. 

HALT  384.  8.  36,  T.  64-13.  Extremity  of  Pretty  lake.  Most- 
,  ly  granite. 
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HALT  385.  About  on  township  line.  Grannlyte  (coarse)  and 
granite  auinzingly  intermixed  n'ith  a  schist  containing  hiotite 
and  lamellar  hornblende.  ^^ 

Rock  167.     Schist  from  Halt  385.  VlJ. 

Rock  168.     Dioryte  from  Halt  373.  ^ 

HALTSSe.     N.  W.  \,  y.  W.  1,  S.  23,  5 

T.  63-13.     Island.     Hydromica   granite 
and  nothing  more. 

IfALT3S7.  S.  \V.  \,  a.  W.  i,S.  14,  T. 
63-13.  Hydromica  granite  with  some  in- 
termixtnre  of  mica  schist,  Bnt  the 
BchLst  is  not  one-twentieth  the  whole 
mass.     Schist  fine  and  biotitic. 

HALT  388.  S.  W.  1,  S.  W.  i,  S.  U. 
T.  63-13.  Granite  mixed  with  typical 
mica  schist  and  similar  beds  of  dioryte 
schist  abont  one-fourth.  Some  extensive 
l)eds  are  made  of  mica  schist  for  a  busis, 
but  with  imbedded  lenticular  Innips  of 
a  black  color  which  are  either  horn- 
blende or  augite— also  quartz  sergpga- 
tiona  and  intei-scciing  veins  of  gi-anulyt«. 
RocklGQ.  Massesofhorubtende  as  above. 

HALT  389.  S.  part  of  S.  E.  t,  S.  14, 
T.  6313.  Beds  of  gnmite  and  mica 
schist  dipping  conformably  S.  75°. 

HALT  300.  X.  E.  1,  X.  E.  i,  8.  14, 
T.  63-13.  Beds  of  granite  and  schist 
dipping  N.  80°. 

HALT  391.  Near  centre  of  S.  14,  T. 
63-13.  A  remarkahle  expotate  50  feet 
high,  more  than  half  schist,  interbed- 
dcd  with  granite. 

^octlTT.  Mica  schist  and  grannlyte 
iiiterbG<lded — a  most  inadequate  repre- 
sentation. 

Here  are  some  of  the  most  convoluted 
veins  yet  -seen,  and  I  make  a  literal 
drawing  of  one  in  Fig.  20.  The  for-  Ft^.  2-0.  J^/V  r/' 
matiou  includes  also  chnnks  of  diorytey'*'''^'^''^'^'  o/ lia/^ 
and  of  angite  rock.  There  ought  to  be  ■^^-i- i^t*-'^>^iit-J<.LcUcti. 
half  a  dozen  photograpic  views  taken.        ""  " 


ia*'"'- 
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HALT  392.  S.  W.  1,  N.  W.  i,  S.  14,  T.  63-13.  Mica  schist 
and  granite  interred ded  and  intertwisted.  Over  half  schist. 
Contains,  also,  masses  of  dioryte. 

HAL  r  .393.  N.  E.  \,  S.  15,  T.  63-13.  Granite  and  mica  sehis? 
in  proportion  of  two  to  three. 

HALT  394.  N.  E.  ^,  ?J.  W.  t,  S.  15,  T.  63-13.  Mica  schist, 
extensively  intersected  by  veins  of  gmnite. 

HALT  395.  S.  W.  1,  S.  W.  i,  8.  10,  T.  6313.  Mica  schist 
extensively  veined  with  granite.  Some  of  the  schist  is  hom- 
blendic     Some  dioritic  schist  is  here. 

HALT  396.  JTear  centre  S.  10,  T.  63-13.  Mica  schist  and 
granite  as  4  to  1. 

HALT  397.  N.  W.  \,  X.  E.  \,  S.  10,  T.  63-13.  Mica  hsciet 
and  granite  4  to  1. 

HALT  398.  N.  E.  i,  S.  E.  i,  S.  3,  T.  63-13.  Mica  schist  and 
gmnite  as  5  to  2.  The  bedding  is  quite  distinct,  dipping  N.  75°. 
The  beds  show  Increased  tendency  to  separate,  and  we  get  some 
even  lamina;  half  an  inch  to  an  inch  in  diameter. 

HALT  399.  S.  W.  \,  9.  W.  1,  S.  35,  T.  64-13.  Granite  in 
about  equal  proportions  with  a  black  rock  material  apparently 
composed  chiefly  of  lamellar  hornblende  or  aagite,  with  some 
scales  of  biotite. 

Bock  171.     Dioryte  schist  as  above. 

HALT  400.  S.  E.  i,  S.  W.  1,  S.  34,  T.  64-13.  Coarse  mus- 
covite-gneiss.     It  contains  a  place  folded  around,  as  below: 
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Back  172.     Large  crystals  of  ortLot-lase. 

Rock  173,     Very  coarse  and  luuseovite- gneiss. 

HALT107.  N.  W.  i,  S.  E.  i,  S.-23,  T.  63-13.  The  rockhere 
is  a  very  compact  dioritic  schist,  with  very  obscure  bedding. 

Rock  76.     Coiupact  dioritic  schist. 

The  portage  to  Long  lake  leaves  Burntside  at  this  place, 

IfALTlOS.  S.  E.  !,  S.  E.  i,  S.  23,  T.  63-13.  On  portage. 
Graywacke  schist,  very  compact  and  hard,  with  many  flinty 
veins.  Strike  N.  82°  W.  Dip.  S.  45°,  Poitage  from  Burntside 
lake  to  creek  into  Long  lake  is  about  1  mile  and  good  except  at 
•end,  which  is  wet. 

RALTWQ.  9.  W.  i,  3.  \Y.  \,  S.  24,  T.  63-13.  Entrance  to 
Burntside  river.  Bosses  of  rock  fifty  feet  high.  Hydroniica 
schist,  compact,  irregularly  laminated,  with  many  knots  of  feld- 
spatiiic  and  siliceous  matters.  Contains  also,  moderate  sized 
masses  of  flint  and  cherty  material.  Strike  N.  50°  E.  Dip  S. 
82°, 

Rock  77.     Hydromica  schist, 

SALT  110.  S.  W.  \,  S.  E.  t,  S,24,  T.  63-13.  High  outlier, 
50  feet  high.  Graywaeke,  dark  gray,  with  small  feldspar  nuclei 
and  a  dark  and  augitic  mineral. 

Rock  78.     Graywa(;ke  from  Halt  110,  Burntside  river. 

§7.       IX>NG  LAKE. 

Long  lake  lies  wholly  in  the  southern  half  of  T.  63-12.  Its  main 
axis  is  N.  66°  E.,  which  is  a  greater  inclination  to  the  meridian 
than  in  the  case  of  Burntside  lake,  and  greater  than  is  the  case 
with  the  smaller  lakes  in  the  northern  half  of  this  township. 
The  lake  is  about  four  miles  long  and  three  quartei-s  bf  a  mile 
broad,  if  we  disregard  the  large  bay  upon  the  northwestern  bor- 
der. *  It  is  freer  from  islands  than  Burntside,  but  the  rocky  out- 
crops along  the  shoi-e  are  nearly  continuous.  Itanges  of  rocky 
hills  lie  upon  the  north,  but  with  trends  somewhat  less  divergent 
from  the  meridian  than  the  axi  of  the  lake,  and,  in  consequence, 
they  approach  the  lake  in  their  westward  continuation.  The 
direction  of  one  of  these  ranges  crosses  the  lake  along  the  re- 
gion connecting  with  the  bay  just  mentioned,  and  its  course  is 
marked  by  a  number  of  islands.  The  lake,  onthe  whole,  is  ex- 
cavated in  the  vertical  edges  of  a  mass  of  schists  mostly  sericitic, 
but  in  places  chloritic,  and  occasionally  replaced  by  graywake. 

HALT  111.     N.  E.  i,  N.  E.  i,  S.  30,  T.  63-12.     S.E,  corner  of 


ib/Googlc 


STATE   GEOLOGIST.  53 

Longliiko.  Hydroiiiicii  schist,  diirk  greenish,  compact,  with  an 
argillaceous  iispeet;  weathering  pale,  yellowish  greenish.  Strike 
X.  60°  E.  contains  a  dike-like  mass  of  a  similar  material,  but 
weathering  light,  and  with  a  very  fibrous  structure,  striking  N. 
33°  E.  The  fibres  are  so  conspicious  as  to  present  the  appear- 
ance of  a  mass  o(  liffHUyfes..    This  dike  is  2Jfeet  wide. 

Rock  79.     Hydromica  schist. 

Koel:  SO.     Fibrous  hydromica  schist  in  a  dike. 

JfALT  112.  X  w'  1,  N.  W.  J,  8.  29,  T.  63-12.  Sericitic 
schist,  but  very  similar  to  Halt  111.  Strike  N.  70°  E.  Many 
qunrtz  veins.     Dip  S.  70°. 

JfALT  113.  If.  E.  5,  N.  W.  i,  S.  2fl,  T.  63-12.  On  a  little 
island.  Sericitic  schist — same  as  on  Vermillion  lake.  Strike 
X.  70°E. — and  this  is  the  trend  of  the  island.  Dip  S.  75°.  Some 
narrow  beds  of  whitish,  fibrous  hydromica  material,  as  at  Halt 
111  —  bnt  here  conformable  with  the  bedding. 

Jfor!:  SI.     Sericitic  schist,  pale  gi'eenish. 

HALT  lU.  S.  W.  i,  S.  W.  1,  S.  29.  T.  63-12.  Poiutof  main 
land.  Chloritic  sericitic  schist,  in  placeiT  weathering  to  a  pud- 
ding-stone aspect. 

HAL  T 115.  Islau'l  east  of  Halt  114.  Chloritic  sericitic  schist, 
very  compact.     Dip  S.  75°. 

HALT  116.  S.  B.  i,  X.  W.  \,  S.  29,  T.  *i3-12.  Island  north 
ol  point.  Fine,  compact  <lioryte,  but  with  the  weathered  iu-ipect 
of  a  sericitic  schist.  The  bedding  is  very  obscure,  and  runs  with 
the  island.  This  is  125  feet  wide,  and  the  rock  is  of  the  same 
chai-aeter  from  side  to  side. 

Rock  S2.     Fine  dioryte  (?)  from  Halt  116. 

HALT  117.  X.  W.  I,  S.  W.  \,  S.  29,  T.  6314.  Island  close 
to  point.  Rock  feebly  schistose,  in  large  part  having  a  dioritic 
look,  but  in  places  somewhat  like  chloritic  graywacke.  The 
whole  is  only  modemtely  hard. 

Rock-  S3-     Dioritic  schist. 

HALT  lis.  X.  W.  },  8.  W.  1,  S.  29,  T.  63-12.  Graywacke 
schist,  bnt  very  solid. 

HALT  119.  X.  W.  I,  8.  W.  1,  S.  29,  T.  63-12.  Graywacke 
schist  in  high  bluff  and  intersected  by  veins  of  fjuartz. 

HALT  120.  Centre  S.  E.  1,  8.  30,  T.  6312.  Sericitic  schist 
iu  high  cliff. 

HALT  121.  S.  E.  1,,S.  E.  1,  8.  30,  T.  6312.  Graywacke 
schist. 
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HALT  122.  N.  W.  i,  S.  W.  i,  S.  29,  T.  G3-12.  Little  islaud 
opposite  Halt  121.  North  side  a  compact  sericitic  schist  hold- 
ing fragmeuts  of  quartz  pori)hyrj-,^aiid  also  fra^Dients  of 
porphyry — the  whole  of  this  having  a  fine  breeciated  aspect,  as 
shown  in  the  following  diagram: 


The  laminse  are  wrapped  around  the  fragments  of  felsitic  ma- 
terial exactly  as  if  sedimentary. 

The  sericitic  schist  presents  very  diversified  aspects;  in  places 
weathering  greenish,  in  others  whitish.  Mostly  it  is  free  from 
horabIende,but  in  places  crystals,  of  fibrous,  dark -greenish  horn- 
blende lie  imbedded  in  it — the  longer  diinensious  mostly  trans- 
vei'se  to  the  lamination. 

On  the  southeast  side  of  the  island,  the  formation  changes  to 
argillytt!  distinctly  laminated  and  ■characteristic.  The  passage, 
however,  is  gradual.    Dip  S.  82°. 

Rock  84,     Sericitic  schist  porpbyritic  with  hornblende. 

Horh  85.     Argillyto. 

Hock  SG.     Seiicitic  schist. 

H.\hTVl^.  Small  island  sonth  side  of  bay.  Chloritie  argll- 
lyte.  Dip  S.  82°.  Contains  in  joints  a  white  mineral  with 
transverse  fibrous  stniclnre. 
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Eock  aitd  miner(U  87.     Chloritic  argillyte. 

HALT  124.  8.  W.  1,  S.  E.  i.  Sec.  29,  T.  63-12.  Island.  Pure, 
smoothly  laminated  sericitic  schist,  light  colored,  buffish. 

Rock  88.    Light,  smooth  sericitic  schist,  leather  colored. 

SALT  125.  N.W.  \,  N.  E.  1,  8.  32,  T.  6312.  Island.  Gray- 
wacke  schist. 

HALT  126.  a.  E.  1,  S.  E.  \,  S.  29,  T.  63-12.  Mainland. 
Finely  mottled  sericitic  schist,  crumbling  into  small  scales  under 
atmospheric  action,  forming  a  ridge  30  feet  high  which  ranges 
with  the  schistose  structure  N.  39°  E. 

Mock  89.     Sericitic  schist  finely  mottled. 

HALT  127.  S.  Ei,  8.  E.  i,  S.  29,  T.  63-12.  Argillyte  stand- 
ing vertical,  and  graduating  southward  into  the  sericitic  schist 
last  seen.   Sehistosity  strikes  N.  20°  E. 

Sock  90.  Argillyte. 

In  passing  the  angle  of  the  land,  we  see  a  flue  outcrop  of  ar- 
gillitic  sericitic  schist.  Further  along,  on  the  shore  facing  'N. 
W.,  the  same  occurs. 

HALT  128.  N.  E.  i,  8.  E.  K  S.  29,  T.  6312.  South  end  of 
island.  Sericitic  schist,  standing  vertical  and  striking  nearly 
north. 

HAL  T  129.  2f .  E.  \ ,  S.  E.  J,  S.  29,  T.  63-12.  Main  land.  At 
the  point,  the  ai^llyte  stands  like  sheets  on  edge,  20  feet  high. 

^4iri30.  S.  W.  i,  8.  W.  i.  8.  28,  T.  63-12.  Island,  south 
end.  Gmywacke.  The  north  end  of  the  island  is  of  sericitic 
schist. 

HALT  ISl.  Near  centre  of  S.  28,  T.  63-12.  Sericitic  schist, 
compact,  irregularly  laminated,  chloritic. 

HALT  132.  Near  centre  8.  28,  T.  63-12.  Graywacke,  so- 
called. 

HALT  133.  S.  W.  i,  K.  B.  },  8.  28,  T.  03-12.  Sericitic  gray- 
wacke, very  fine. 

HALTIU.  9.  W.  *,  If.  E.  1,  S.  28,  T.  63-12.  Chloritic  gray- 
wacke schist,  bluish-green. 

HALTl^.  Centre  of  K.  E.  1,  S.  28,  T.  6312.  About  same 
as  last.     Has  quartz  veins  and  pale  green  feldspar  of  pyrites. 

Rock  91.     Chloritic  Graywacke. 

HALT  13G.  S.  W.  i,  8.  W.  },  8.  23,  T.  63-12.  Argillyte,  fine 
grained,  evenly  laminated  but  compact. 

Rock  92.     Argillyte. 

-ff-lXr331.  N.  E.  i,  8.  E.  i,  8.  22,  T.  63-12.  Yellow  sericitic 
slates. 
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HALT3.'i2.  Near  centre  ofsection  22,  T.  63-12.  Chloritic  seri- 
eiticHchint — C4>mpact  and  rugged. 

JlAf.T333.  Xear  centre  S.  W.  i,*S.  22.jT.  63-12.  SericiHc 
schist,  gi-eeuish.  warped,  rough  weathering,  chloritic.  Strike 
S.  61°  E.  This  Is  exactly  the  same  as  we  saw  at  Halt  329.  The 
harsh- wesithering  surface  shows  countless  veins  of  quartz,  felsyte 
and  epidote,  having  a  prevailing  direction  with  the  strike,  but 
not  at  all  coDformable. 

HALT334.  S.  E.  1,  S.  W.  1,  S.  22,  T.  6.S-12.  Chi oriric schist, 
blnish,  thin  laminted. 

Kock  152.     Chloritic  schist,  somewhat  sericitic. 

Back  of  this,  rock  of  Halt  333  recurs,  making  a  thickness  here 
of  300  feet. 

We  find  great  zones  of  dike-like  aspect,  in  this  formation;  but 
they  run,  in  some  places,  in  exact  conformity  to  the  t>edding,  of 
varying  width  annd  irregular  walls.  In  one  place  I  see  one  of 
these  masses  terminate  in  <iuartz  and  strike  off  diagonally  across 
the  bedding.  These  zones  have,  in  places,  agraywackelike  as- 
pect and  a  schistose  structure,  and,  when  closely  examined,sbow 
glistening,  minute,  white  scales  which  I  do  not  take  for  mica, 
but  more  probably  damourite.  But  the  mass  of  the  dike  has 
about  the  liardnes.s  of  feldspar,  and  it  appears  like  a  mass  of  mi- 
caceous folia  in  a  nascent— not  well  defined— state.  I  find  here 
also,  veins  apparently  of  dolomite. 

Another  class  of  dike-like  zones  is  silicoua.  They  sustain 
alMJUtthe  same  relation  to  the  bedding  as  the  dikes  Just  men- 
tioned. They  range  from  rugged -weathering  quartz  to  petro- 
silex, 

Itocic  163.     Petrosilex  as  above. 

This  formation  in  all  respects  resembles  that  seen  at  Halt  321 
—  but  is  not  identical  —  having  a  predominantly  greenish 
color. 

J/ALT335.  IS.  W.  \,  S.  W.  \,  S.  22,  T.  63-12.  A;hillatleasb 
200  feet  high  separated  by  a  thicket  and  a  swamp  from  Halt  334. 
Did  not  visit  it  because  it  trends  toward  the  lake  and  I  expected 
to  see  it  further  west. 

HALTSSe.  8.E.  I,  S.  \V.  J,  S.  2,  T.  63-12.  Little  island. 
Sericitic  schisti  sbalyand  crumbling — not  entirely  smooth,  but 
with  small  specks,  as  before  seen. 

HALTZ^l.  S.  W.  i,  S.  W.  j,  S.  21,  T.  63-12.  Gnarled  chlo- 
rite schist. 
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HALT338.  X.  W.  i,  S.  W.  1,  S.  21,  T.  63-12.  Gnarled  chlo- 
rite Bchist, 

ff.lLTSm.  S.  E.  ;,  a.  E.  t,  S.  20,  T.  63-12  Chlonte  sthist 
with  maiiv  lenticular  calcitic  layers.  Color  green.  Strike  S". 
SI"  E.       " 

HALTUQ.  S.  E.  \.  S.  E.  1,  8.  20,  T.  63-12.  Island.  Ohlorit 
ic  graywacke  schist. 

HALTSn.  S.  E.  {,  S.  E.  i,  S.  29,  T.  63  12.  Inlet.  Chlorit 
ic  graywacke  schist.' 

ffALTlHl  9.  E.  1,  S.  E.  \,  S.  20,  T.  63-12.  Compsift  chlo 
ritic  gmywacke  schist. 

HALT3i3.  N.  E.  1,  S.  W.  I,  a  20,  T.  63-12.  Graywackenitic 
chlorite  schist.  The  rock  is  of  a  greenish  color,  not  coiisptcaoaB- 
1y  schistose,  consistiog  of  dark  greenish  chloritic  material,  in 
which  appear  many  andefined  crystals  of  a  greenish  feld.spar  ap 
parently  in  a  nascent  state. 

Rock  154.     Wackeuitic  chlorite  schist. 

The  rock  is  intersected  by  veins  of  grannlyte  with  a  little  hy- 
drODiica,  and  dikes  of  angite. 

Rod'  155.     From  an  angite  dike. 

This  resembles  that  seen  on  the  west  side  of  White  Iron  lake, 
but  is  harder. 

These  rocks  rise  iu  a  conspionous  knob  fifty  feet  above  the 
lake,  and  trend  northeast  toward  a  hill  seventy-fi.e  feet  high. 
The  strike  of  the  range  is  S".  73°  E.,  and  I  am  quite  certain  the 
high  hill  of  Hiilt  335  is  here  on  the  lake  shore  as  was  to  be  an- 
ticipated. 

HALTSA4.  Centre  of  S.  20,  T.  63-12.  Blue,  hard,  much 
jointed  chloritic  rock. 

SALT  3i5.  1  mile  W.  of  centre  S.  20,  T.  63-12.  Chloritic 
gray  wacke  schist, 

KALT  34(i.  X.  E.  1,  S.  W.  \.8. 19,  T.  63-12.  Graywackenitic 
chlorite  schist,  irregular,  compact  and  hard. 

HALTUI.  S.  W.  i,  S.  W.  1,  S.  Ift,  T.  63-12.  Chloritic  ar- 
gillyte.     Dip  S.  78°. 

HALT3ii^.  S.  W.  1,  S.  W.  }.  8.  19,  T.  6312.  Argillitie 
chlorite  schist. 

HALT3iii.  a.  W.  i,  8.  E.  1,  8.  13,  T.  6.3-12.  Chloritic  gray - 
.  wacke  schist. 

HAhT3^.  S.  W.  1,  8.  E.  i,  8. 19,  T.  63-12.  Argillitie  chlo- 
rite schist. 

The  portage  eastward  out  of  Long  lake  is  at  the  eastern  ex 


.vGoogIc 


58  FIFTEESTH  AN"SrAL  EEPOET 

tremity.  It  is  uncommoaly  good  as  fiir  as  the  border  of  the 
marsh  —  dry,  direct  and  smooth.  It  is  almost  a  sort  ofturupike. 
la  the  marsh  the  trail  dirides,  one  braucb  goiog  directly  to  the 
creek  and  the  other  striking  the  creek  further  along.  This  part 
of  the  trail  is  exceedingly  wet.  The  dry  part  is  three-quarters 
of  a  mile  long;  the  wet  part  one-third  of  a  mile.  The  last  third 
of  a  mile  of  the  creek  will  take  a  canoe. 

S  S.     FALL  LAKE. 

Fall  lake  lie«  chiefly  in  the  northern  half  of  T.  63  11.  Its 
main  axis  trends  N.  64°  E,,  and  is  very  nearly  in  continuation 
of  that  of  Long  lake.  Its  extreme  length  is  about  six  miles,  and 
mean  breadth  about  two-thirds  of  a  mile.  It  swells  to  a  mile 
towards  each  extremity,  while  in  the  middle  region,  there  are 
two  places  where  the  width  is  contracted  to  about  one-sixth  of  a 
mile. 

This  is  a  very  beautlAil  lake,  but  for  scenic  effects  scarcely 
equal  to  Barntside.  From  the  rounded  point  near  the  inlet  of 
Pall  river  (Halt  290)  the  view  down  the  lake  northeastward  em- 
braces three  or  four  miles,  and  the  alternating  vistas  of  land  and 
water  in  the  distance,  produce  a  very  pleasing  effect.  The  falls 
near  this  point  begin  to  acquire  some  celebrity,  and  when  the 
means  of  access  become  easy,  they  and  the  fine  lake  will  consti- 
tute a  decided  attraction  for  tourists.  The  stream  in  which  the 
falls  are  situated  comes  in  from  Garden  lake  and  carries  the  water 
which  accumulates  from  Garden,  Farm  and  White  Iron  lakes, 
as  well  as  that  from  Birch  and  Stuutz  lakes.  The  Kawishiwi 
river  also  empties  into  Farm  lake,  and  this  receives  the  drainage 
from  an  extensive  region  stretching  to  lakes  Wilder  and  Isabella, 
in  range  8.  Fall  river,  therefore,  is  a  stream  of  importance. 
The  falls  are  known  to  the  Indians  as  Ka-wa-sa-chong  falls. 
They  have  also  been  called  Cara  Belle  falls. 

The  falls  as  a  scenic  spectacle  are  very  grand.  The  total  de- 
scent is  about  thirty-flve  feet,  and  the  volume  of  water,  even  in 
July,  is  surprisingly  large.  The  fall  is  not  one  perpendicular 
plunge,  but  over  the  i"agged  wall  of  a  precipice,  which,  on  the 
east  side,  carries  the  water  forward  about  fifteen  feet,  and  on  the 
west  side,  fnrty-five  feet.  The  stream  is  divided  about  equally 
by  a  projecting  rock-mass,  and  the  portion  on  the  west  is  again 
divided  about  ten  feet  down. 

The  entire  volume  of  water  is  broken  into  a  fury  of  foam  and 
I>re8ent8  a  si>ectaele  of  impressive  grandeur.     The  roar  of  the 
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falls  can  be  heard  at  the  distance  of  two  or  three  miles.  As  a 
natural  plienomeiion,  these  falls  are  all  that  the  mind  can  duly 
appreciate.  They  are  gramler  than  Minnehaha,  and  the  volume 
of  water  is  eight  times  as  great. 

The  water  of  the  lake  is  clear  and  palatable.  Like  that  of  the 
other  small  lakes  of  the  region,  it  I'apidly  acquires  the  mean 
seasonal  temperature  of  the  air — being  i-ather  warm  during 
summer,  but  promptly  cooling  with  the  advent  of  autumnal 
weather.  This  lake,  also,  is  well  stocked  with  fish — especially 
pickerel,  pike  and  bass. 

The  shores  are  generally  less  elevated  than  those  of  Burntside 
lake,  and  occasional  short  intervals  of  low  and  even  marshy  bor- 
der oecui'.  Generally,  however,  tlie  shore  is  rock -bound  luul  the 
facilities  for  geological  study  are  ample.  The  rocks  are  very 
generally  sericitic  schist;  but  this  in  places,  becomes  chloritic  or 
argillitic,  or  a  strongly  marked  rudely -bedded,  or  even  unbed- 
ded,  chloritic  rock,  as  at  the  falls.  The  bedding  is  everywhere 
approximately  vertical.  The  general  geology  closely  resembles 
that  of  Long  lake,  as  would  be  inferred  from  its  similar  relations 
to  the  strike  of  the  schists,  ami  the  coincidence  in  the  lines  of 
axis  of  the  lakes. 

Though  the  growing  season  must  be  short,  the  development  of 
vegetation  is  luxuriant  and  rapid.  I  noticed  several  white  pine 
trees  of  jnagnificent  proportions  —  some  attaining  even  a  diame- 
ter of  three  feet.  Considerable  Norway  pine  occurs  also,  but  the 
forest,  where  not  burned  off,  consists  of  a  mixed  growth,  includ- 
ing the  aspen,  the  yellow  and  white  bircli,  white  cedar,  spruce 
and  fir.  The  luxuriance  of  some  of  the  shrubs  is  rather  aston- 
ishing. The  mountain  maple  (Ace?'  npicultim)  grows  everywhere 
most  rankly,  and  rapidly  chokes  all  neglected  trails.  1  measured 
in  one  instance,  on  July  24th,  a  shoot  of  this  season's  growth,  4* 
feet  long.  At  the  same  time  and  place  a  red-berried  elder  shoot 
{Sambucus  piibens),  of  this  season's  growth,  measured  6  feet  and  7 
inches  to  the  base  of  the  terminal  petiole,  and  23  inches  more  to 
the  tip  of  the  leaf.  Probably,  under  suitable  cultivation,  many 
crops  will  attain,  in  the  vicinity  of  Fall  lake,  a  very  satisfactory 
development. 

HALT  137.  N.  E.  J,  N.  E.  i,  S.  34,  T.  6312.  Ou  town  line, 
near  western  extremity  of  Fall  lake,  south  shore.  By  the  water's 
edge,  an  outcrop  of  brownish- buff  sericitic  schist,  exactly  the  same 
as  at  Halt  124.  In  some  of  it  is  a  tinge  of  red.  This  rock  con- 
ttunes  along  the  shore  eastward. 
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HALT  138.  S.  W.  i.  S.  W.  i,  S.  18,  T.  63-11.  Little  island. 
Sericitic  schist,  bluish,  crumpled  aud  somewhat  knotted — » little 
aigillitie. 

Main  land  around  this  southern  bay  presents  no  outcrop.  Sur- 
face generally  20  to  30  feet  high,  coi-ered  with  a^pen,  birch  and 
spruce. 

HALT  139.  Near  centre  of  S.  19.  Main  land.  Serieitic 
schist,  brownish,  motlerately  compact,  much  like  that  at  Halt 
138. 

HALT  140.  Near  centre  of  S.  10,  T.  6311.  Point  of  laud. 
Serieitic  schist,  like  Halts  13S  aud  139.  Does  not  split  up  in 
weathering,  but  presents  a  knotted  and  very  irregular  black 
s  HI' face. 

As  it  has  been  suggested  that  a  dike  of  diabase  occurs  at  this 
place,  witli  schist  each  side,  I  revisited  the  locality  for  the  pur- 
pose of  more  particular  study.  The  schists  which  I, at  first 
described  as  serieitic,  are  chloritic-sericitic,  and  weather  in  a 
ragged  tashiou,  much  like  those  at  the  falls.  The  dike,  so  called, 
strikes  nearly  with  the  schists  —  peihaps  precisely  so  —  but  seems 
to  dip  southward  at  an  angle  of  aliout  70°.  The  matter  of  the 
dike  is  diabasic  in  appearance — but  yet  is  somewhat  chloritio, 
and  presents  a  resemblance  to  the  schist.  It  is  not  certainly 
bedded,  but  there  are  lines  of  lauiiiiation,  which,  however,  may 
be  Suidal  in  character.  Simple  macroscopic  ot>servatiou  will  not 
probably  suffice  to  decide  whether  sedimentjiry  or  not. 

Rock  292.     From  the  schist  above  described. 

Rock  203.     From  the  so-culled  dike  at  Halt  140. 

HALT  141.  S.  M'.  i,  X.  E.  1,  S.  19,  T.  0311.  Serieitic  schist, 
but  still  more  blue  and  more  compact — verging  toward  gray- 
wacke  schist.     Somewhat  chloritic. 

ff^ir  142.  N.  W.  i,N.  W.  1,8.  20,T.  6311.  Serieitic  schist, 
compact,  crumpled,  bluish  and  olive — a  little  back,  more  mass- 
ive, approaching  graywacke  schist. 

HALT  143.  S.  W.  cor.  S.  17.  T.  63-11.  Main  laud. "  Serieitic 
schist,  rathei'  slaty,  greonish-browu,  like  Halt  13!t. 

HALT  134.  8.  \V.  i,  S.  \V.  i,  S.  17,  T.  6311.  Serieitic  schist, 
compact,  bluish  and  chloritic,  much  like  Halt  142,  Contains 
veins  of  felsyte. 

HALT  297.  S.  W.  i,  S.  E.  i,  S.  17,  T.  6311.  A  very  compact, 
and  felsyte-Iike  rock,  firmer  and  finer  than  hiis  heretofore  been 
called  graywacke. 

Unrk  146.     Fe  I  sit  ie  schist. 
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HALT  298.  S.  W.  1,  8.  E.  1,  S.  17.  T.  63-11.  Cbloritie  gray- 
vacke  scliist. 

HALT  299.  X.  W.  1,  P.  W.  1,  S.  Ifi,  T.  63  11.  Yellowish  seri- 
<.-itic  slates,  muc-h  like  Halt  2!)2.  The  i-oek  isthiii-laQiiiiai'.  but 
the  laiuiuie  are  eomewhat  wavy,  from  the  iut«rlamiiiatioQ  of 
compact,  rather  hard,  thin  lentieules  of  siliceous  matter.  A.  few- 
steps  southward  the  rock  is  more  evenly  hedded  and  more  green- 
ish. Great  slabs  separate,  which  are  five  feet  loug,  while  not 
more  than  two  feet  wide,  and  three  inches  thick,  as  a  maximum. 

Between  the  wavy  and  the  plain  lauiinatcd  l)eds  is  a  little  un- 
conformity, like  this: 


Ttg.StZ.  Surfa.ce.  %otC4!?u^ 
for-??t.itu  at/fa/fuSS.  JTatlX 

V<y->UaL    VTall. 

This,  however,  is  a  surface  jjhenomenon.  Strike  N.  40°  E.; 
further  west,  N.  48°  E.  Dip  of  plain  slates,  S.  75°.  The  plain 
slates  appear  to  assume  a  less  steep  attitude  as  they  pass  out  of 
sight. 

These  slates  are  traceable  along  the  Iwach,  trending  N.  21°  E., 
for  a  distance  of  402  feet.  On  the  sonth  they  disappear  under 
the  earth.  On  the  north  they  graduate  iuto  au  irregular,  une- 
venly bedded,  chunky,  sericitic  schist,  of  a  beeswax  color.  They 
might  properly  be  styled  vericidc  schists. 

irALT300.  8.  W.  J,  S.  W.  \,  8.16,  T.63-n.  Sericitic  slates 
very  similar  to  last.  They  seem  to  strike  across  the  point  and 
outcrop  on  both  sides., 

HALT  301.  8.  E.  i,  N.  W.  },  8.  16.  T,  6311.  Sericiticslates, 
like  last  two  Halts. 

HALT  302.  S.  W.  i,  N.  E.  1,  8.  16,  T.  63-11.  Sericiticslates, 
considerably  rougher,  with  segregations  of  peroxide  of  iron. 
Strike  K.  58°  E.     Dip  S.  76°. 
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JTALT  303.  X.  E.  1,  S.  E.  J.  S.  16,  T.  6311.  Sericitiesebist, 
a  little  argillitic.  Does  not  split  in  weathering.  Strike  X.  53° 
■  E.     Dip  S.  78". 

Rock  141.     Sericitic  schist,  a  little  argillitic. 

HALT  304.  a.  W.  \,  S.  W.  1,  S.  10,  T.  6311.  8ericitic  schist 
exactly  like  hist.     Strike  N.  48°  E.  Dip  9.  86°. 

HALT  307.  8.  W.  t,  8.  E.  },  8.  10,  T.  63  11.  Small  outcrop 
of  chlorite  sericitic  schist,  massive  ami  very  unevenly  bedded, 
haviog  a  bluish  color.  The  stream  marked  on  the  plat  as  enter- 
ing near  here  is  not  cauoeable.  I  sought  in  the  vicinity  for 
a  trail  to  the  little  lake  in  sees.  14  and  15,  as  I  was  informed  that 
'"black  slat«"  occurs  ou  the  south  side.  But  no  trail  could  be 
found. 

HALT  308.  S.  E.  1,N.  E.  i,  S.  10,  T.  63-11.  Mostly  argilitic 
sericitic  schist.  A.t  some  points  along  the  exposure,  the  rock 
is  a  graywacke  schist,  but  it  immediately  passes  into  a  smooth 
argillyte,  and  then  eastward  to  au  argillyte  with  sericitic  sur- 
faces and  numerous  grains  disseminated,  which  give  a  pustulose 
surface,  imt  are  not  distinct  enough  for  determination  in  the 
field. 

Rock  144.     Sericitic  argillyte  with  pustulose  surface. 

At  the  east  extremity  of  this  exposure  are  warped  sericitic 
schisst,  standing  on  edge  and  striking  east  aud  west. 

■HALT  309.  8.  W.  i,  X.  E.  i,  S.  10,  T.  64-11.  Sericitic  schist, 
warped  and  irregular  and  rather  compact. 

ffALTSlO.  S.  W.  1.  N.  W.  i,  S.  11,  T.  63-11.  Exceedingly 
fine-textured  sericitic  argillyte.     Strike  N.  60°  E, 

Rook  145.     Sericitic  argillyte. 

It  is  rather  hard,  apparently  from  the  presence  of  finely  dis- 
seminated feldspar. 

HALT  311.  X.  W.  i,  X.  W.  i,  8.  11,  T.  6311.  Islet.  Com- 
pact, irregular,  bluish  sericitic  schist. 

HALT  312.  X.  W.  1,  X.  W.  i,  8.  11,  T.  63-11.  Sericitic 
schist  with  disseminated  and  undefined  spots  of  bUiish  color  and 
considerable  iron,  apparently  limonitic. 

Rock  146.     Sericitic  schist  as  above. 

HALT  313.  S.  W.  1,  S.  E.  1,  S.  2,  T.M>3-11.  Sericitic  schist, 
somewhat  waxy  and  quite  slaty. 

Rock  147.    Sericitic  schist  as  above. 

HALT  314.  X.  E.  1,  S.  R  1.  3  2,  T.  6311.  Sericitic  schist, 
a  little  more  waxy  than  the  last. 

HALT  315.     S.  "VV.  J,  S.  W.  \,  S.  ;^fi,  T.  63-11.     A  high  and 
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abundant  outcrop  of  serieitic  rocks.  A  good  amount  of  variety. 
We  have  fiiie  serieitic  schist  and  bluish  chloritic  serieitic  schist, 
and  serieitic  conglomerate,  iu  which  a  fine  serieitic  schist  weath- 
ering olive  and  fibrous,  is  filled  with  angular  fragments  of  a 
material  entirely  similar,  but  more  vesicular  on  the  weathered 
surface  —  being  crossed  by  innumerable  interlacings  of  felsitic 
material.  Some  of  these  fragments  are  <lecidedly  felsitic  aiid 
some  are  graywacke-like  in  aspect. 


Careful  study  of  this  rock  shows  the  fibres  of  the  matrix  adapt- 
ing their  direction  to  the  form  of  the  included  masses,  showing 
that  these  were  deposited  while  the  sediment  was  falling 
down. 

At  the  same  time,  this  is  not  completely  a  conglomerate,  for  we 
have:  1st,  a  common  matrix  in  which  these  forms  appear;  2d, 
these  forms  are  so  nearly  of  the  mineral  character  of  the  matrix 
that  they  seem  to  be  portions  of  the  same  rock ;  3d,  some  of  these 
forms  blend  insensibly  with  the  matrix  and  look  somewhat  like 
segregations. 

Itock  l48.     Serieitic  pseudo-conglomerate,  Halt  315. 

It  was  impossible  to  get  a  standard  specimen  of  a  very  char- 
acteristic one. 

There  is  considerable  qnartz  in  the  formation,  partly  dissemin- 
ated and  partly  segregated. 

Strike  N.  55"  E.     Dip  90°. 

HALT  316.  S.  E.  1,  8.  W.  i,  S.  35,  T.  64-11.  Serieitic  schists 
scarcely  outcrop,  but  are  abundant  in  somewhat  slaty  frs^- 
ments. 

SALT  317.  8.  E.  \,  S.  W.  \,  S.  35,  T.  64-11.  Serieitic  schist 
with  chloritic  spots.     Strike  N.  55°  E.     Dip  85°  N. 
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Sock  149,     Sericitic  schist  with  chloiitic  spots. 

MALT  318.  S.  E.  i,  S.  W.  i,  S.  35,  T.  64-11.  Serieific  schist, 
same  as  last- 

HALT  319.  X.  E.  1,  S.  E.  1,  S.  3,  T.  63  11.  Sericitic  schist, 
quite  slaty.     Dip  X.  85°. 

HALT  320.  S.  E.  1,  S.  W.  },  S.  3,  T.  63-11.  Serieitic  st-hist 
with  thill  wavy  lamiiite  and  mimerous  disseminated  undefined 
spots,  as  if  some  miueral  were  in  process  of  disappeanmeo.  Strike 
y.  TO"  E.    Dip  N.  85°. 

A  few  rods  north  it  becomes  regular,  and  very  mucli  seamed 
by  quartz.  Then, still  fuitlier,  it  changes  to  waxy,  rough  seiicitic 
schist. 

SALT  321.  S.  E.  J,S.  W.  i.S.  3,T.  63-11.  Cliloritic  felsitic 
schist.  Much  and  irregularly  laminated,  and  weathering  to 
white,  bluish-green,  black  and  purple.  I  have  seen  the  same  on 
Vermilion  lake.  The  fresh-broken  surfaces  aie  predominately 
greenish  —  the  weathered  ones  dun-whitish.  Strike  X.  55°  E. 
Dip  85°. 

SALT  322.  S.  E.  i,  X.  \V.  1,  S.  10,  T.  63-11.  Big  island. 
Sericitic  schist.     Uneven  layere.     Strike  N.  45°  E.     Dip  N.  85°. 

SALT  305.  N.  \V.  i,S.  E.  J,S.  9,T.  63-11.  Buflie^li  sericitic 
schists,  not  exactly  like  those  on  south  shore. 

These  are  not  so  smooth,  but  show  a  graimlar  tendency.  They 
are  pervaded  by  minute  grains  appealing  feld.spatliic.  On 
weathered  surfaces  they  dissolve  out,  giving  the  suiface a  finely 
celluliu-  aspect. 

Rock  142.     Sericitic  schist  with  small  greenish  grains. 

In  some  parts  are  irregular  lamime  of  quartz.  Tliis  rock  is 
is  iu  progress  of  transition,  northward,  into  some  other  rock. 
This  is  like  the  schist  of  Halt  291. 

SALT  306.  S.  E.  \,  S.  W.  \,  S.  9,  T.  63-11.  Sericitic  schist 
exactly  like  the  last. 

Rock  143.  Sericitic  schist  from  Halt  291,  which  I  revisited  to 
see  if  it  is  like  that  of  Halt  305. 

SALT  291.  S.  E.  1,N.  E.  1,S.  18,  T.  63-11.  Sericitic -schist, 
thin  bedded,  in  w^ivy  layei-s,  soft  and  yellowish.  Standing  ver- 
tical like  305.     Strike  S.  55'^  E.     The  rock  is  143,  which  see. 

HALT  292.  S.  E.  J,S.  W.  1,S.  18, T.  «311.  Sericitic  schist 
like  last,  but  more  even. 

SALT  293.  An  eighth  of  a  mile  north  from  Halt  292'.  Com- 
pact chloritic  sericitic  mass,  little  schistose. 

HALT  294.     A  few  rods  north  of  last.     Compact,  firm,  bat 
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not  very  fine-grained,  sericitie  scbiet — massive,  little  schistose. 
In  an  elevated  rocky  ridge  extending  parallel  with  shore.  Close 
by,  the  strike  is  N,  54°  E.,  and  the  rock  a  more  distinctly  bedded 
sericitie  schist. 

ffALT  295.  One  half  mile  north  from  Halt  292.  Chloritic 
sericitie  schi.st,  very  compact,  imperfectly  bedded,  much  inter- 
sected by  veins  of  similar  material  which  show  lines  of  strncture 
parallel  with  the  wall. 

A  little  further  north  is  an  oaterop  in  which  the  vein-material, 
shown  in  Ugare  2i,  is  so  much  expanded  as  to  form  more  than 
half  the  bulk  of  the  rock,  and  the  formation  appears  like  a  very 
cofose  conglomerate. 


SALT  295  6m.  N.  W.  1,  S.  W.  i,  S.  18,  T.  63-11.  Nearly 
half  a  mile  back  from  the  shore  at  Halt  292.  Here  a  compact 
sericitie  rock  is  interbedded  with  flint,  but  the  layers  are  bent 
around  so  as  to  strike  nearly  north  and  south,  or  even  west  of 
north. 
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A  few  rods  west,  the  formatiou  is  a  massive  graywacke  rock, 
filled  with  ramiflcatioiis  of  quartz,  and  containing  irregular 
masses  of  rather  soft,  greenish  rock. 

SALT  296.  A  few  rods  west  of  Halt  295  his.  Outcrop  of 
banded  iron  jaspilite — small,  and  not  giving  evidence  of  valu- 
able ore — though  evidently  heavy  ore  may  lie  in  close  contigu- 
ity. I  am  told  that  this  indication  has  been  traced  as  far  as  the 
range  line — about  seven  hundred  and  fifty  paces  west. 

It  is  here  in  contact,  on  the  north,  with  a  sericitic  schist  con- 
taining a  black  mineral  looking  like  columns  of  hornblende,  or 
even  tourmaline. 

Rodi  139.    Sericitic  schist  and  black  ci-ystala. 

SALT  323.  N.  E.  \,  S.  W.  i,  8.  18.  T.  63-11.  On  the  Shore. 
Knotted,  lampy,  chloritic  sericitic  schist. 

SALT  %'h^.  Twenty  rods  west  of  Halt  323.  Same  as  last.  A 
range,  of  rocks  of  this  character  stretches  along  the  lake  shore 
here,  and  strikes  inland  to  Halts  293,  294,  295  and  296.  The 
range  here  is  about  forty  feet  high. 

^^iT  325.  Near  township  line.  Well  laminated  sericitic 
schist,  but  with  layers  of  a  quartzose  character,  and  others 
which  appear  to  bo  dolomite.    Color  yellowish.    Strike  K.  60°  B. 

Bach  150.     Sericitic  schist,  as  above. 

SALT  326.  On  township  line.  Sericitic  schist,  blue,  with 
many  layers  hardened  by  deposition  of  (apparently)  feldspar, 

Jtock  151.    Sericitic  schist,  blue. 

SALT  327.  S.  E.  1 ,  S.  E.  J ,  8. 13,  T.  63-12.  Gnarled  sericitic 
chloritic  schist,  with  layers  of  feldspar. 

Rock  151  bU.    Sericitic  chloritic  schist. 
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'  HALT  328.  8.  E.  1,  S.;E.  i,  8.  13.  T.  63-12.  Sericitic  chlor- 
itic  schist,  same  as  last. 

HALT  329.  S.  E.  J,  S.  E.  i,  S.  3,  T.  63-12.  The  bluish  seri- 
citic schists  graduate  iuto  greenish  schists  rough  to  the  touch 
and  giving  a  suspicion  of  tiue  mica.  A  few  rods  further  south 
we  have  a  very  compact,  fine-grained,  greenish,  felsitio  schist, 
weathering  dun-white  and  checked  by  joints  and  veins.  Same 
as  at  Halt  320. 

Included  in  this  is  a  mass  of  graywacke-like  rock  weathering 
harsh,  and  iuclading  in  itself  some  large  lumps  of  iron  jaspiiite, 
in  many  cases  bordered  by  films  of  epidoie.  The  epidote  intersects 
this  mass  also,  in  the  form  of  veins.  This  graywacke-like  [uass 
is  rudely  conformable  with  the  bedding  of  the  formation,  and 
occurs  at  two  different  horizons  fifteen  feet  apart.  The  iron 
schist,  however,  is  found  only  in  the  northern  and  older  one. 
The  range  of  iron  schist  seen  at  Halt  296,  lies  still  further 
north. 

Back  of  the  last  (that  is,  probably,  northwest)  come  again 
bluish,  rough  sericitic  schists  with  inter-laminations  of  feldspar, 
and  some  seams  or  veins  or  similar  matter  not  conformable  with 
the  bedding,  and  with  lamination  conformable  with  the  bedding 
of  the  formation.     (Compare  with  Halts  1,  2  and  3.) 

From  the  highest  hills  reached  other  hilts  are  seen  rising 
northward,  in  succession,  to  the  horizon. 

HALT  330.  3.  W.  I,  S.  E.  \,  S.  13,  T.  63-12.  Graywacke- 
nitic  chloritio  schist. 

The  portage  southward  from  Pall  lake  is  about  twenty  rods 
east  of  the  mouth  of  Fall  river.  It  leads  over  a  low  ridge  by  a 
good  path.  Fragments  of  iron  schist  occur  on  the  portage,  and 
a  rod  from  the  trail,  on  the  west,  the  rock  outcrops. 

§  9    GARDEN  LAKE. 

Garden  lake  is  a  straggling  body  of  water  lying  in  the  south 
half  of  T.  63-11  — mostly  in  sections  20,  21  and  28.  A  large  por- 
tion is  rather  of  the  nature  of  a  broad  and  sluggish  river,  one 
branch  of  which  flows  oat  of  Farm  lake  and  the  other  out  of 
White  Iron  lake,  from  which  it  is  separated  by  rapids.  The 
shores  afford  numerous  outcrops  of  rocks,  which  are  mostly 
schistose.  Graywacke  predominates  along  the  southwestern 
border,  as  far  as  the  eastern  line  of  section  28,  while  south  of 
this,  sericitic  and  chloritic  schists  occur.    The  lake  does  not  at- 
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tain  the  region  of  the  syenite.  A  long  southwestern  arm  8tret<di- 
ing  into  section  30,  reaches  the  neigltlwrhood  of  a  range  of 
beematite  which  has  afforded  some  specimens  of  marketable 
quality,  and  is  believed  by  explorers  to  possess  much  value. 
At  the  southern  extremity,  near  White  Iron  lake,  are  other  in- 
dications of  iron,  which  have  prompted  to  some  mining  opera- 
tions, and  havcgiven  origin  to  the  name  Silver  City. 

JBALT  145.  a.  W.  \;  N.  E.  i,  S.  20,  T.  63-11.  Near  head  of 
rapids  of  Fall  river.  Compact,  obscurely  bedded  graywacke, 
too  hard  to  scratch,  with.seams  having  sericitic  surfaces. 

Rock  93.     Graywacke. 
I    Adjoining  is  a  belt  of  banded  iron  schist  —  the  continnatiou, 
probably,  of  that  seen  on  the  portage.   The  same  graywacke  con- 
tinues down  the  rapids  a  quarter  of  a  mile. 

SALT  146.  One-eighth  mile  down  the  rapids.  The  graywacke 
is  highly  ferruginous  and  more  sericitic.  It  continues  to  the  cast- 
ward  bend  in  the  river. 

As  the  SDggestion  was  made  that  what  I  have  here  designated 
graywacke  is  really  a  dike  rock,  I  revisited  the  locality  for  more 
careful  examination.  The  chloritic  sericitic  schists,  as  at  Halt 
140,  are  almost,  if  not  quite,  lu  contact  with  the  alleged  dike. 
The  Jaspilitic  iron  schist,  also,  can  be  traced  to  almost  actual  con- 
tact with  it.  Whether  the  dike  rock,  so  called,  presents  truly 
the  characters  of  a  qualified  graywacke  or  of  a  proper  diabase, 
which  it  externally  so  much  resembles,  can  hanlly  be  ascertained 
without  microscopic  study, 

JIALT  U7.  N.  W.  \,  8.  E.  J,  S.  20,  T.  6311.  South  end  of 
island.  Knotted,  scarcely  bedded,  sericitic  schist,  very  hard,  hav- 
ing a  dike-like  bed  of  fibrous,  sericitic  felsitic  material,  striking 
N.  Sl^R— same  as  at  Halt  111.     Glacijvl  striffiS.  21°  W. 

HALT  148.  S.  E.  J,  S.  W.  i,  S.  20,  T.  63-13.  Chloritic  ar- 
gillitic  sericitic  schist,  very  compact,  unevenly  bedded,  knotted 
and  wavy. 

HALT  li9.  S.  E.  H  S.  W.  i,  S.20,  T.  6S-11.  Mainland.  Btfis 
of  solid  gi-aywaeke,  scarcely  showing  any  bedded  Ktrncture.  It 
contains  a  chloritic  constituent.  On  the  t^op  are  some  indications 
of  structure  striking  TS.  31°  W. —  but  this  direction  is  to  be  sus- 
pected, as  the  needle  appeals  to  be  disturbed.  A  good  deal  of 
ferruginous  matter  appears  in  streaks. 

Hock  94.     Graywacke,  compact  and  hard. 

HALT  150.  S.  W.  cor.  8.  W.  J,  8.  20,  T.  63-11.  Graywacke 
with  the  same  diabasic  nspect. 
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HALT  151.  N.  W.  1,  N.  W.  \,  S.  29,  T.  63-11.  A  massive 
oatcrop  of  grayvacke,  still  externally  resembllDg  diabase. 

HALT  152.  K  "W.  t,  S.  W.  t,  S.  29,  T.  63-11.  Graywaeke 
as  before. 

HALT  153.  N.  W.  \,  N.  W.  i,  S.  29,  T.  63-11.  Graywaeke 
as  before. 

HALT  15i.  N.  E.  h  N.  E.  i,  S.  30,  T.  63-13.  Enormous  out- 
crop of  bimilar  graywaeke,  40  feet  high. 

HALT  1^5.  N.  "W.  1,  N.  W.i,  S.  30,  T.  63  11.  Same  diabase- 
looking  graywaeke  to  the  extremity  of  this  arm.  Same  rock 
eontinnes  on  the  east  side  of  the  arm.  From  this  vicinity  made 
an  excursion  into  th*  centre  of  section  30. 

HALT  286.  Centre  of  S.  30,  T.  63-11.  On  the  irou  muge. 
Much  flotz  of  banded  iron  jaspilite.  Some  specimens  are  fair 
ore;  but  I  saw  none  here  which  was  really  miuable.  Capt.  Julian 
Bausman,  who  accompanied  me,  says  this  range  extends  about 
ten  degrees  north  of  east  for  a  distance  of  half  a  mile. 

Here  is  a  clearing  of  about  one  acre,  in  the  midst  of  a  dense 
forest  of  slender  Norways  and  tamaracks;  and  a  log  cabin  stands 
in  the  centre.  This  spot  is  on  the  slope  of  a  hill  on  the  border  of 
a  swamp. 

HALT  287.  50  rods  west  of  last.  On  a  hill  the  iron  jaspilite 
ontorops  rather  extensively.  I  see,  however,  no  flue  ore.  The 
black  bands  in  the  jaspilite  are  too  hard  to  scratch. 

HALT  288.  Twenty  rods  still  further  west.  Here  are  frag- 
ments of  good  minable  hsematite.  Query:  Does  the  range  lie  in 
continuity  with  the  Tower  iron  range  t  Or,  with  the  range  south 
of  Mnd  laket 

Rock  136.    Banded  jaspilite  (about  thirty  bands).       ' 

Rock  137.     Best  iron  ore  at  Halt  288. 

HALT  289.  N.  W.  1,  S.  E.  i,  S.  20,  T.  63-11.  Island.  Chlo- 
ritic  argillitio  schist. 

HALT  156.  Centre  of  K.  W.  i,  S.  29.  Chloritic  sericitic- 
schist,  very  compact.     Like  Halt  148. 

HALT  157.     Near  156.     Graywaeke  rocks. 

HALT  157  bis.  S.  E.  J,  8.  E.  t,  S.  20,  T.  63-11.  Chloritic 
serici tic  schist,  uneven- bedded,  compact. 

HALT  158.  N.  E.  1,  N.  E.  i,  S.  29.  T.  63-11.  Graywaeke, 
a  little  schistose. 

HALT  159.  S.  \V.  \,  S.  \V.  i,  8.  21,  T.  63-11.  At  point  of 
main  land.     Graywaeke  a  little  greenish. 
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SJLT  160.  N.  B.  i,  N".  W.  i,  8.  28,  T.  63-11.  Graywacke 
still,  very  fine  and  massive. 

Rock  95.     Graywacke,  very  maBsive. 

HALT  161.     S.  E.  i,  N.  W.  i,  8.  28,  T.  63-U.     Graywacke. 

SALT  162.     Centre  N.  E.  i,  8.  28,  T.  63-11.     Graywacke. 

SALT  163.  S.  E.  i,  N".  E.  i  8.  28,  T.  63-11.  Chloritic  sen- 
citie  schist',  obvionsly  slaty,  but  irregular.    Strike  N.  71°  E. 

Sock  96.     Chloritic  sericitic  schist. 

SALT  164.  8.  B.  i,  N.  B.  i,  8.  28,  T.  63-11.  Chloritic  seri- 
citic  schist,  very  distinctly  laminated.  Strike  N.  71"  B.  Dip 
vertical. 

Bock  97,    Sericitic  schist. 

SALT  16H.  8.  B.  i,  N.  E.  },  S.  28,  T.  61-11.  Chloritic  schist, 
medium-bedded,  greenish.    Dip  8.,  about  85°. 

Rock  98.    Chloritic  schist. 

SALT  166.  8.  E.  i,  N.  B.  i,  8.  28,  T.  63-11.  Chloritic  argil- 
lite,  compact.    8trike  N.  71°  E. 

SALT  167.  K  W.  t,  8.  W.  i,  8.  27,  1^.  63-11.  Exposure  on 
north  side,  chloritic  graywacke;  on  south  side,  sericitic  ai^llite, 
distinctly  laminated 

SALT  168.    N.  W.  i,  S.  W.  i,  S.  27,  T.  63-11.    Graywacke. 

SALT  169.  N.  W.  J,  S.  W.  i,  8.  27,  T.  63-11.  Chloritic  gray- 
wacke, varying  to  compact  chloritic  schist.  Contains  in  places 
a  red  mineral,  like  henlandite.  Also  veins  of  qnartz  with  much 
iron. 

Rock  99.     Chloritic  graywacke  with  red  mineral. 

SALT  170.  N.  W.  i,  S.  W.  i,  S.  27,  T.  63-11.  Chloritic 
graywacke. 

SALT  171.  N.  W.  1,  8.  W.  1,  8.  27,  T.  63-11.  Chloritic 
graywacke. 

SALT  172.  8.  E.  i,  8.  E.  i,  8.  %\  T.  63-11.  West  end  of 
island.  Sericitic  argillite,  very  hard  and  imperfectly  bedded. 
Dip  N.  80°. 

SALT  173.  N.  E.  },  S.  E.  J,  8.  27,  T.  63-11.  Pine  hornblen- 
dic  sericitic  schist. 

SALT  17i.  8.  B.  J,  S.  E.  J,  8.  29,  T.  63-11.  Silver  City.  A 
mining  drift  excavated  about  forty  feet.  The  formation  is  es- 
sentially quartz  standing  in  vertical  beds,  and  mostly  interbed- 
ded  with  heematite  and  limonite.  At  the  entrance,  the  drift  ma- 
terials ure  firmly  cement«d  with  limonite  apparently  filtered  out 
of  the  formation  by  percolating  water.  Next,  the  quartz  beds 
are  much  shattered,  and  mixed  with  iron.     Ten  feet  in,  which 


ibyCoOglc 


BTATB  GEOLOGIST. 


is  aoross  the  bedding,  the  formation  becomes  sericitic  schist, 
somewhat  an  shown  in  Fig.  27. 


Rock  100.     Quartzyte  ftx)m  Halt  174. 

On  the  opposite  side  of  the  point  is  another  similar  drift  with 
similar  showing. 

SALT  175.  N.  E.  i,  N.  El,  9.  32,  T.  63-11.  Foot  "of  rapids 
from  White  Iron  lake. 

SALT  176.  Across  th(>  rapids  from  Halt  175.  The  schists 
present  a  towering,  columnar  aspect,  and,  on  examination,  are 
as  follows: 


e£  Silv47'Clty,Ciita'deiiJX<. 

_  t—  TTiiert. Our  "it  J  <  A  «i< 
^.'fc.rr.u^i'tnu.s/urnblenit  icliiii 


.  i^'tir. 


*  Here  seems  tobe  a  transition  from  sericitic  to  mica  schist,  and 
thence  to  hornblende  schist,  and  still  further  to  jaspery  iron 
schists.  The  iron  comes  in  gradually,  and  by  intercalation 
with  the  hornblende  and  silicious  schists. 
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Strike  of  beds  could  not'  be  ascertained.  The  needle,  when 
near  the  cliffe,  presented  south  end  to  the^;  at  the  distance  of 
fifteen  feet,  it  presented  north  end  to  the  cliffs. 

Eock  101.     Sericitic  mica  schist. 

Rock  102.     Micaceous  hornblende  schist  —  little  hornblende. 

Rock  103.     Hornblendic  magnetic  schist. 

The  above  series  of  beds  is  situated  south  of  the  (xuartzibe  of 
Halt  174. 

I  am  led  to  offer  a  remark  on  the  mining  explorations  at  Sil- 
ver City  —  so-called.  The  result  should  have  been  foreseen.  A 
small  expenditure  over  the  surface  in  uncovering  the  outcrop  of 
the  formation  would  have  revealed  the  probable  nature  of  the 
succession  of  beds,  as  well  as  the  costly  burrowing  under  the 
ground,  since  the  drift  goes  directly  across  the  beds.  Another 
consideration  renders  the  venture  an  ill-advised  one.  The  tun- 
nel (Fig.  28)  penetrates  the  formation  at  a  place  where  the  beds 
run  out  on  the  shore  in  both  directions,  within  a  short  distance, 
so  that  if  any  bed,  as  a,  had  been  found  rich  in  iron,  there 
would  not  have  been  enough  of  it  to  repay  expense  of  the  tunnel. 


SALT  226.  S.  E.  i,  S.  E.  \,  S.  20.  T.  63-11.  Island.  Pel- 
sitio,  hornblendic  schist  Same  as  No.  6,  Halt  2^,  White  Iron 
lake. 

Rock  127.    Felsitic  hornblendic  schist. 

Rock  128.    Sericitic  silicious  schist. 

It  varies  to  felsitic  mica  schist  aud  to  sericitic  silicious  schist. 
Some  intruded  syenite  appears.  The  schist  weathers  to  a 
strikingly  columnar  aspect,  forming  miniature  palisades. 

RALT'12S,,  S.  E.  i,  S.  E.  t,  S.  29,  T.  63-11.  Interstratifi ca- 
tions of  knotted,  chloritic  schist,  sericitic  silicious  schist  and 
silicious  schist. 

HALT  227.  S.  E.  1,  S.  E.  \,  S.  28,  T.  63-11.  Very  fine,  al- 
most aphanitic,  mica  schist,  weathering  to  a  columnar  structut;^. 
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SALT  228.  S.  E.  t,  a.  E.  1,  S.  28,  T.  631t.  Mica  schist,  ai- 
liciouB  and  evenly  bedded.     Good  dagstoue. 

Sock  129.  Mica  schist. 

SALT  229.  S.  W.  i,  S.  W.  \,  S.  27,  T.  63-11.  Silieious  and 
micaceous  iroo  schists. 

MALT  230.  A  few  rodsS.  of  Halt  229.  Graywackenitie  mica 
schist.  Similar  to  Halt  227. 

HALT  271.  Ceotre  of  S.  \V.  \,  8.  27,  T.  63-11.  Graywacken- 
itie mica  schist. 

S^,iZ.r272.  Centre  of  N.  W.  1,  8.  27,  T.  63-11.  Fine  horu- 
blendic  mica  schist,  with  indications  of  iron  in  the  formation. 

SALT  27.$.  N.  "W.  J.  3.  W.  1,  S.  27,  T.  63-11.  Rock  at  point 
a  mixture  of  norite,  dipryte  and  tiornbtendic  mica  schist.  Back 
a  few  rods,  mostly  mica  schist  with  qnartz. 

ffALT2H.  8.  W.  i,  X.  W.  i,  8.  27,  T.  63-11.  Nodular  chlo- 
rltic  schist  with  signs  of  iron. 

SALT  275.  8.  W.  1,  N.  W".  i,  S.  27,  T.  63-U.  Compact,  blu- 
ish, nodular,  somewhat  chloride,  almost  aphanitic  paste  quite 
diabasic  in  external  appearance. 

SALT  276.  N.W.  i,  5f.  W.  },  S.  27,  T.  63-11.  Chloritic, 
nodular,  diabasic-looking  rock. 

SALT  278.  N.  E.  N.  W.  1,  S.  27,  T.  63-11.  The  outcrop, 
judging  from  a  specimen  brought,  is  a  compact  chloritlc  schist. 

SALT  277.  N.  W.  i,  N.  W.  i,  8.  27,  T.  63-11.  Surfaces 
thinly  drift-covered. 

SALT  279.  N.  E.  i,  K  W.  i,  S.  27,  T.  63-11.  Chlorite 
schist. 

SALT  280.  N.  E.  i,  N.  E.  i,  8.  21,  T.  63-11.  Chlorite 
schist. 

SALT  281.  N.  E.  i,  N.  B.  i,  8.  21,  T.  63-11.  Chlorite 
schist. 

SALT  282.  N.  E.  *,  N,  "W.  i,  S.  21,  T.  6311.  Chlorite 
schist  a  little  more  argiUic  than  the  last. 

SALT  283.    S.  E.  i,  8.  W.  i,  S.  21,  T.  63-11.    Porphyry. 

Bock  135.  Porphyry.  '  This,  perhaps,  is  a  variety  of  so-called 
porodite. 

SALT  284.  8.  E.  i,  8.  W.  i,  8.  21,  T.  63-11.  Chlorite 
schist,  compact  and  massive. 

SALT  285.  N".  W.  \,  S.  W.  1,  S.  21,  T.  63-11.  Chlorite  rock 
— tt  bold  and  massive  exposure.  • 
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%  10.      WHITE  IBON  LAKE. 

This  considerable  lake  diverges  less  from  the  meridian  than 
Barntaide,  Long  and  Fall  lakes.  Its  mean  axis  bears  N^  30° 
E.  Its  extreme  length,  following  the  slight  curratiire  toward 
the  elast,  is  six  and  one-h»lf  miles,  while  its  length  in  a  straight 
line  is  five  and  two-thirds  miles.  It  has  a  mean  diamaterof 
about  three-fourths  of  a  mile,  but,  like  Fall  lake,  it  is  narrowed 
at  two  places  near  the  middle.  The  greatest  body  of  the  lake  is 
located  in  T.  62-11,  but  it  extends  across  the  corner  of  T.  61-11 
and  into  the  corner  of  T.  63-11.  Its  shores  are  clothed  with  the 
asnal  timber  growths  of  the  region,  with  a  comparative  scarcity 
of  pines,  and  corresponding  abandance  of  spruce,  aspen  and 
white  birch.  Fire  has  devastated  extensive  areas  on  the  northeast 
shore.  Rocky  outcrops  are  sufficiently  frequent  for  geological 
fitndy  of  the  re^on,  bat  they  are  almost  wanting  along  the  south- 
western border,  and  also  along  the  northeastern.  The  rocks  a^ 
almost  exclusively  syenite  and  syenitio  gneiss,  and  these  are 
present  in  many  varieties.  The  shores  of  the  bay  lying  in  sec- 
tion 18  of  township  62-11  were  not  visited,  as  they  were  assigned 
to  another  explorer. 

SALT  177.  N.  W.  J,  N.  E.  k,  8.  32,  T.  63-11.  Rock  bluish - 
gray  very  fine,  schistose  with  glistening  particles  which  seem 
to  be  micacious.  Hornblende  (or  augite)  seams  present.  It 
may  perhaps  be  regarded  as  micaceous  graywacke — a  gray- 
wacke  in  which  mica  occurs  in  an  early  stage  of  formation. 

Rock  103.     Nascent  mica  schist. 

HALT  very  near  last.  The  fundamental  rock  is  the  same  as 
last  (nascent  mica  schist)  but  here  are  veins  of  fine  granite, 
which  in  places,  is  without  mica,  and  in  places  contains  a  little 
hydromica  or  possibly  hornblende.  Over  the  surface  lie  strewn 
fi-agments  of  biotite  syenite,  which  perhaps  do  not  belong  here. 

Rack  104.     Oranulite  vein. 

Rock  105.     Biotite  syenite. 

HALT  179.  S.  W.  \,  N.  W.  i,  S.  32,  T.  63-11.  Syenite  with 
some  biotite.  Rock  same  as  105.  I  notice  fragments  of  horn- 
blende schist  included  in  it. 

^iock  106.     Syenite  with  fragments  of  hornblende  schist. 

HALT  180.  N.  E.  \,  N.  E.  i,  S.  30,  T.  63-11.  Mass  of  sye- 
nite. A  5-inch  vein  of  quartzyte  runs  through  it.  The  forma- 
tion covers  the  whole  point  and  outcrops  on  both  sides. 

HALT  181.     S.  W.   \,  N.  W.   1,  S.   31,  T.  63-11.     Syenite. 
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Some  indications  of  iadacled  portions  baring  a  bedded  stmc- 
tare. 

SALT  182.  S.  W.  i,  N.  E.  1,  S,  31,  T.  63-11.  Syenitic  gneiss 
with  distinct  tendency  to  irregular,  rather  tbin,  beds.  Horn- 
blende more  limited  tban  last,  bot  mncb  &ee  gnartz  disaenunated 
through  the  reddisti  orthoclase. 

Bock  107.     Syenitic  gneiss.  * 

Schistosity  K*.  20°  E.  A  vein  of  syenite,  with  red  feldspar 
Fanning  N.  78°  W.,  intersects  the  formation. 

Bock  108.     Syenite  with  vein  as  above. 

HALT  183.     S.  N.  i,  K.  E.  \,  S.  31,  T.  63-11.   Syenitic  gneiss  ■ 
like  that  of  Halt  182,  bat  there  is  plenty  of  hornblende  with  pale 
red  orthoclase. 

I  find  loose  pieces  with  much  pale  red  orthoclase  making  qnite 
an  ornamental  stone.     Like  tbe  vein-stone  of  Halt  182. 

Bock  109.     Syenite  with  much  red  orthoclase. 

HALT  184.  Near  centre  of  S.  31,  T.  63-11.  Syenitic  goeiss 
like  Halt  182. 

HALT  185.  IT.  E.  t,  S.  W.  \,  8.  31,  T.  63-11.  Syenitic  gneiss 
with  red  orthoclase,  like  Bock  109. 

HALT  186.  N.  E.  \,  S.  W.  i,  S.  6,  T.  62-11.  Island.  Syeni- 
tic gneiss. 

HALT  187.  N.  W.  \,  S.  W.  J,  S.  6,  T.  6211.  Another  is- 
land. Muscovite  schist,  bat  profoundly  Intersected  by  veins  of 
syenite,  like  that  seen  for  a  long  distance  back.  Looks  like  a 
transition  between  the  two.     But  the  mica  scales  are  not  small. 

Bock  110.     Muscovite  schist. 

The  same  occnra  at  the  south  end  of  the  island. 

HALT  188.  S.  "W.  \,  S.  W.  \,  S.  6,  T.  62-11.  The  north  end 
of  this  exposure  is  fundamentally  mnscovite  schist,  with  crystals 
of  pink  orthoclase  disseminated  through  it.  In  places  it  ap- 
proaches gneiss.  It  is  thoroughly  cnt  np  with  veins  of  syenite. 
A  lew  rods  south  the  whole  mass  is  syenite. 

Bock  111,     Mnscovite  schist. 

HALT  189.  S.  W.  i,  S.  W.  i,  S.  1,  T.  62-12.  Syenite  as  be- 
fore. 

HALT  190.  S.  E.  \,  S.  W.  \,  S.  1,  T.  62-12.  Syenite,  but 
with  the  pinkish  orthoclase  are  crystals  of  a  glassy  feld^ar. 
This  syenite  forms  the  whole  point. 

Rock  112.     Syenite  with  crystals  of  glassy  feldspar. 

HALT  191.  N.  \V.  \,  S.  W.  1,  S.  12,  T.  62-12.  Syenite,  in- 
cluding fragments  of  mnscovite  schist. 
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RALT  192.  N.  "W.  J,  N.  W..1,  S.  12,  T.  62-12.  Syeoite  with 
red  feldspar  and  coarse  grains  of  quartz. 

HALT  193,  S.  W.  i,  S.  W.  i,  9.  12,  T.  62-12.  The  mass  of 
the  exposure  is  syenite  or'syenitic  goeiss  with  pale  orthoclase. 
It  contains  a  bed  or  intruaiou  of  syenite,  with  abund'aiice  -of  red 
orthocJase.  It  also  incloses  massesof  schist  composed  of  feldspar, 
which  weathers  red,  and  dark  minerals  which  appear  like  dark 
muscovite  and  some  hornblende  (or  angite),  also  grains  of  qaartz. 
*    Rock  113.     Hornblendicl  (augitic)  mica  schist. 

Abandant  masses  of  what  I  take  for  augit«  rock  lie  about — 
wholly  massive. 

Bock  114.     Angite  rock.     (Too  soft?  ) 
-HALT  194.     S.  W.  i,  S.  W.  1,  S.  12,  T.  6212.    Dikeofaugite 
30  feet  wide.     On  the  north  is  syenite  with  fed  feldspar.   On  the 
sonth,  syenite  with  a  glassy  feldspar  and  abundant  hornblende. 
The  latter  is  a  rather  fine-grained  and  handsome  rock,  but  with 
a  very  dark  tone.  The  northern  syenite  is  also  a  handsome  rock 
with  pink  tone. 
Rock  115.    Syenite  with  glassy  feldspar. 
Hock  116.     Angite  rock. 

The  augite  is  intersected  by  veins  of  red  syenite,  and  contains 
detached  massesof  it.  South  of  the  dark  syenite  the  red  reappears. 
HALT  195.  S.  W.  i,  S.  W.  i,  S.  12.  T.  62-12.  Eed  syenite. 
Considerable  search  was  made  for  a  portage  out  of  White  Iron 
lake  toward  the  south  and  through  the  stream  which  comes  in 
from  the  lake  in  section  33.  There  is  no  thoroughfare  to  Stunts 
lake  in  this  direction.  Subsequently  I  was  informed  that  it  is- 
possible  to  pass  the  rapids  with  a  light  canoe;  and  that  is  the 
course  generally  pursued. 

HALT  196.     S.  E.  i,  S.  W.  i,  8.  24,  T.  62-12.     Redsyenitei 
as  before.    It  presents  a  distinct  schistosity,  striking  N.  53°  E. 
HALT  197.     N.  E.  i,  N.  W.  i,  S.  25,  T.  62-12.     Eed  syenite 
with  a  vein  of  fine,  compact  syenite. 

Hook  117,  Eed  syenite  with  vein  of  syenite  attached. 
HALT  198.  X.  E.  I,  X.  W.  i,  S.  25,  T.  62-12.  Enormous 
mass  of  syenite — the  feldspar  light  colored  and  very  coarse. 
Hornblende  also  coarse.  Intersected  by  vein  of  compact  ayenit*. 
HALTli*9.  N.E.  1,N.  W.  i,  S.  25,  T.6212.  Boss  of  syenite 
rising  70  feet  above  the  bay.  Crystals  of  feldspar  still  lai^er  — 
some  being  j  inch  long. 

HALT  200.  S.  E.  i,  S.  W.  1,  S.  24,  T.  62-12.  Syenite,  the 
same  as  at  Halt  199. 
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SALT  201.  S.  W,  i,  S.  E.  i,  S.  24,  T.  62-12.  Some  porphy- 
ritic  Byenite.  It  contains  a  dike  of  bard,  blnish-gray,  fine  dia- 
base, striking  !N.  17°  E.,  and  forming  a  sharp  junction  with  the 
syenite.  .  The  dike  is  eleven  feet  wide,  and  both  wails  of  syenite 
are  straight  as  a  rule.     It  dips  east  at  an  angle  of  80°. 

HALT  202.  N.  W.  i,  S.  W.  i,  S.  2i,  T.  62-12.  Island.  Sye- 
nite, coarse  as  before. 

HALT  203.  N.  W.  i,  8.  E.  1,  S.  24,  T.  62-12.  Syenite  as 
before.  Contains  a  vein  composed  wholly  of  large  orthoclase 
crystals. 

HALT  204.  Near  centre  of  section  24.  Island,  Ooold  not 
land,  bnt  rock  looks  like  gray  syenite. 

HALT  205.  Centre  of  N.  E.  i,  S.  24,  T.  63-12.  Syenite',  but 
lighter  colored. 

HALT  206.  K  E.  comer,  &  24,  T.  62-12.  Syenite  with 
light  feldspar.     On  the  east  it  becomes  fine-gi'ained  and  gneissic. 

HALT  207.  S.  E.  t,  S.  E.  i,  S.  14,  T.  62-12.  South  end  of 
island.  Mass  of  Syenite  still  coarse,  but  the  feldspar  crystals 
not  so  conspicuous.    The  hornblende  black  and  shining. 

HALT  208.  N.  E.  \,  S.  E.  i,  S.  13.  East  side  of  island. 
Syenite  with  pinkish  orthoclase  and  brilliant  black  hornblende. 

HALT  2f>9.  S.  E.  i,  N.  E.  i,  S.  13,  T.  63-12.  -Syenite,  coarae 
grained  and  fine- 

HALT  210.  N.  E.  i,  S.  E.  i,  9.  6,  T.  63-12.  JTear  point. 
Nothing  here  but  sparse  drift. 

HALT  211.  S.  W.  k,  S.  E.  i,  S.  12,  T.  62-12.  Syenite  gneiss, 
medium  texture,  feldspar  but  slightly  pinkish.  Contains  narrow 
veins  of  flue  syenite.  It  embraces  a  large  mass  of  moscovitic 
hornblende  schist  which  is  profoundly  penetrated  by  veins  and 
detached  miiases  of  syenite  which  are  generally  less  hornblendic 
than  the  main  gneiss. 
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iSu'etalie  ant^ai 


Tbe  syenitic  intrusions  coutinue  as  far  as  the  schist  can  be 
traced. 

The  syenite  on  the  opposite  side  embraces  innumerable  de- 
tached fragments  of  the  schist.  Portions  of  the  schist  are  more 
exclusively  muscovitic,  others  more  homblendic. 

Sack  118.     Syenite  or  syenitic  gneiss  from  this  locality. 

fiocA- 119.  Muscovitic  hornblende  schist  showing  Junction  with 
syenite. 

Proceeding  east  20  rods,  schist  continues,  and  in  a  bold  expos- 
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nre.  shows  the  syenite  penetrating  it  extensively  and  in  erery 
directioD. 

SALT  212.     N.  W.  i;  9.  E.  i,  S.  12,  T.  62-12.     Syenite. 

HALT  213.  N.  W.  i,  S.  E.  i,  S.  12,  T.  6212.  Syenite,  but 
'  the  constitaeDta  are  more  blended  —  the  feldspar  being  reddish^ 
and  a  somewhat  compact  mass  through  which  the  quartz  and 
hornblende  are  disseminated.  The  latter  is  not  in  the  brilliant 
black  fibrous  fr^tments  of  the  syenite  passed  over,  bat  dnll  and 
somewhat*  clay-colored.  The  rock,  also,  is  not  homogeneous, 
bnt  includes  pebbles  of  compact  felsitic  granulifce. 

SALT  214.  9.  B.  i,  N.  W.  i,  9.  12,  T.  62-12.  Syeniti© 
gneiss  with  the  usual  bright  hornblende  and  a  reddish'  feldspar. 

HALT  216.  S.  W.  i,  N.  E.  i,  S.  7,  T.  62-11.  Syenite.  This, 
has  reddish  feldspar,  and  also  many  large,  Isolated,  distinctly 
ontliued,  squarish  fragments  of  quartz.  This  is  like  much  sye- 
nite heretofore  seen. 

HALT  216.  N.  B.  i,  N.  W.  i,  S.  7,  T.  63-11.  Syenite  like 
last. 

HALT  217.  8.  E.  i,  8.  W.  i,  S.  6  on  section  line,  T.  62-11. 
Syenite  with  reddish  feldspar,  and  some  disseminate  quartz, 
grains. 

Rock  120.     Syenite  from  Halt  217. 

HALT  218.  S.  E.  1,  9.  W.  i,  9.  6,  T:  6211.  Syenite  witfr 
much  reddish  feldspar.  Embraces  masses  of  syenite  of  dark 
color  from  abundance  of  hornblende,  and  of  fine  texture.  Glacial 
strife  9.  29°  W. 

HALT  219.  Near  centre  of  section  6,  T.  62- It.  Syenite  witlv 
red  orthoclase  and  rectangular  &ces  of  glassy  feldspar. 

HALT  220.  Near  centre  of  S.  6,  T.  62-11.  Essentially  a  red- 
dish syenite ;  bat  it  incloses  several  varieties  of  syenite  in  lump- 
like forms.  One  is  a  fine-grained  variety;  another  is  composed' 
mostly  of  a  dark-greenish  hornblende  in  isolated  frc^ments  im- 
bedded in  a  matrix  of  pinkish  feldspar.  Some  portions  of  the- 
main  rock  aVe  coarse,  with  large  fragments  of  qnartz  and  feld- 
spar. In  some  portions  the  hornblende  is  bright  black,  in 
others  dull  and  greenish. 

HALT  221.  Near  centre  S.  6  (east),  T.  62-11.  Ontcrop  of 
dark  color,  containing  biotite,  a  pale  greenish  feldspar,  some 
augite  in  black  lamellar  crystals,  and  scattered  grains  of  quartz.. 

Bock  121.     Biotitic  quartzose  diabase. 

Thisrockextendsalongtheshore  about  ninety  feet  in  a  direction 
nearly  north  and  south.     Toward  its  southern  limits  it  receives' 
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1  pinkish  feldspar  aud  a  little  quartz,  and  then  more  feldspar 

ore  quartz,  while  the  blotite  is  partly  replaced  by  horn- 

i,  and  the  rock  is  a  biotitic  syenite.     Toward  the  sonthera 

also,  this  rock  becomes  invaded  by  roandish  masses  of 

e,  some  of  which  is  exactly  like  that  noticed  at  Halts  215  - 

L7. 

h  122.     Biotitic  diabase  with  accessions  of  orthoclase  and 

fc  123.  Biotitiesyenite  connected  with  Bock  122  by  transition, 
the  north,  the  formation  is  limited  by  a  very  GompaM  rock 
ioh  reddish  orthoclase  and  bluish -gray  earthy  matters  are 
ed  but  not  thoroughly  mixed. 
is  124  and  125.  Bock  last  mentioned. 
LT  222.  One  quarter  ;mile  N.  of  centre  of  S.  5.  T.  6211. 
'  point  but  not  certain  outcrop. 

LT  223.     N.  E.  1,  N.  E.  i,  S.  32,  T.  62-11.  Eock  fine,  clay- 
L,  with  glistening  points  which  I  think  are  small  mnscovite 
Other  constituents  are  a  glassy  and  greenish  feldspar, 
dark  mass  which  I  take  to  be  augitic 
k  126.    Micaceous  gray  wacke  schist  —  a  nascent  muscovite 

ts  of  the  rock  are  intersected  by  a  net  work  of  sillcious 
exactly  as  seen  in  some  boulders  at  Ann  Arbor, 
nediately  adjoining  on  the  north,  the  formation  is  a  mosco- 
ihist.  Then  still  farther  north,  within  sixteen  rods,  the 
}ton  is  a  laminated  mixture  of  mici  schist,  siliclous  schist 
iBgnetlc  schist.  The  needle  reverses  its  direction  within 
ices  of  six  inches.  All  these  schists  stand  vertically. 
LT  224.  N.  E.  i,  N.  E.  i,  S.  32,  T.  6311.  Here  mica 
and  syenite  form  a  junction,  with  phenomena  similar  to 
before  described.  Masses  of  syenite  are  included  in  the' 
»!hi8t  on  the  north,  while  at  one  point,  the  junction  with 
ass  of  syenite  is  abrupt  for  the  space  of  five  feet.  The 
here  is  hardened  with  thin  leaves  of  silieious  matter 
ng  it,  and  small  lenticular  bands  of  magnetite, 
the  syenite  side,  however,  within  two  feet,  the  syenite  con- 
fragments  of  mica  schist,  hornblende  schist,  imbedded 
i  rock  with  coarse  crystals  (like  that  seen  at  Halt  104), 
ular  masses  of  hornblende  gneiss  and  a  peculiar  diorite, 
;lie  longer  axes  of  the  hornblende  fragments  all  turned  in 
irection;  also  diorite  fragments  of  finer  texture.  The  di- 
'ragments  are  decidedly  numerous  for  a  distance. 
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Tbis  syenite  passes  through  the  intermediate  of  coarse  quartz- 
ose  syenite  into  a  compact  reddish  qnartzite  which  I  traced  fif- 
teen feet,  into  the  hank. 

The  needle,  over  the  junction  of  the  mica  schist  and  syenite, 
is  reversed,  and  does  not  resume  its  proper  direction  in  the  vi- 
cinity. The  mica  schist,  however,  stands  vertical,  and  its  strike 
is  about  forty-three  d^rees  east  of  north. 

We  have  tflen,  at  this  intersecting  point,  the  following  sue- 
cession,  beginning  on  the  south: 

1.  Beddish  quartzite  (passing  into) i 16  feet 

2.  Reddish  syenite  containing  many  detatched  frag- 

ments, as  described 6  feet 

3.  Mica  schist,  trendingabout  IS.  iS°  E.  and  forming  a 

sharp  junction,  at  certain  points,  with  the  next, 
and  becoming  horuhlendic  in  the  vicinity 

4.  Beddish    syenite  again  which,  as  before,   incloses 

masses  of  mica  schist  and  hornblende  schist 12  feet 

5.  Hornblende  schist  with  fibrous  structure 6  feet 

6.  Interlaminations  of  hornblende-  and  felsitic  schist, 

growing  more  and  more  aphanitic 4  feet 

7.  Ferruginoos  sericiGic schist,  stronglyiron  colored 2  feet 

8.  Trg^nsition  between  mica-  and  hornblende  schists 4  feet 

9.  Bed  syenite  190  fe^,  and  passes  nnder  the  ground. 

§  11.       FABH  LAKE. 

This  lake  consists  of  a  body  having  a  general  oval  outline 
ahont  one  mile  in  average  width,  and  lying  mostly  on  the  south  ' 
border  of  T.  63-11.  With  this  is  connected  by  a  stream,  rocky, 
rapid  and  not  canoeable,  a  small  lake  on  the  boundary  line  be- 
tween this  and  town  6211.  The  shores  present  no  important 
outcrops  on  the  west  and  sonth,  but  several  occur  on  the  east; 
and  a  small  island  not  on  the  plats,  which  I  have  named  Qeology  . 
island,  presents  an  exhibition  of  remarkable  interest.  It  lies  in 
the  belt  of  junction  of  the  syenite  and  schists.  This  little  spot 
■I  studied  thoroughly,  foot  by  foot,  much  of  the  time  on  my 
knees,  and  my  notes  contain  a  description  as  (letailed  as  eonld 
be  drawn  np  from  field  observations.  The  timber  adjacent  pos- 
sesses no  special  valoe  or  interest. 

SALT  231.  N.  W.  i,  N.  E.  k,  S.  3,  T.  63-11,  on  town  line 
Forphyritic  syenite.  Feldspar  crystals  an  inch  long,  some  of 
them  clear  as  sanidin. 
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Bock  130.     Diabase  from  dike  mentioned  below. 

Bock  131.  Porphyritie  syenite.  (This  rock  is  marked  by 
mistake  "129.") 

The  syenite  is  intersected  by  a  dike  of  diabase  seven  feet 
wide,  striking  east  and  west,  and  having  a  dip  N.  of  60°.  Gla- 
cial Btriffi  9.  21"  W. 

SALT  232.  S.  W.  i,  S.  E,  i.  8.  34,  T.  63-11^  Porphyritie 
syenite.  Feldspar  crystals  so  large  that  the  weathered  surface 
of  the  rock  resembles  a  conglomerate.  Intersected  by  beds  of 
finer-grained  syenite. ' 

■    SALT  2M.    S.  E.  i,  9.  E.  },  8.  34,  T.  63-11.     Coarse  syenite 
—  low  ontcrop. 

SALT  235.  S.  E.  \,  S.  E.  i,  S.  34,  T.  63  11.  Porphyritie 
syenite  in  two  portions,  separated  by  twenty  feet  of  fine  syenite. 

SALT  233.  S.  W.  i,  IT.  E.  i,  S.  34,  T.  63-11.  Geology 
island.  I  first  walked  over  most  parts  of  this  island,  and  found 
its  geology  very  complicated.  It  does  not  even  appear  what  is 
the  fandameutal  formation.  I  find  syenite,  diabase  dikes,  mica, 
schist,  hornblende  schist  and  silicioas  schist  under  various  aspects, 
and  alternations.  In  the  following  description  I  will  begin  at 
the  south  end,  and  following  the  west  shore,  note  what  appears* 
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The  numbers  show  the  points  referred  to  in  the  following 
description: 

1.  At  the  southeastern  extremity  of  the  island.  Mica  schist, 
striking  N.  61°  E.,  and  with  a  S.  E.  dip  of  about  75°.  It  is  in- 
tersected by  many  reins  of  quartznse  syenite. 
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2.  The  mica  schist  is  traceable  uninterruptedly  to  this,  the 
most  southern  point  of  the  island — at  frequent  intervals  inter- 
sected by  veins  of  compact  syenite.  At  2  a  is  a  mass  of  syenite 
not  in  form  of  a  vein. 

3.  Mica  schist  more  compact,  weathering  into  columnar 
forma.     About  six  rods  from  2. 

I  ;^4.     Here  a  mass  of  syenite  Is  included  in  the  schist. 

5.  Very  fine,  compact,  heavy-bedded  biotitic  syenite  gneiss. 
This  is  reached  by  gradation  from  regular  mica  schist,  both  in 
the  direction  of  the  strike  and  across  it.     It  is  intersected  by 
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maDy  masses  of  reddish  granulyte.  In  the  grannlyte  are  also 
included  vein-like  forms  of  quartz  —  or  rather  flint.  Here  also 
are  veins  of  beautiful  syenite,  with  Urge  crystils  of  hornblende. 
An  interesting  case  is  shown  in  fignre  33. 


a.     Mica  schist  very  fine  and  compact. 

6.  Pine,  hard,  almost  vitreous  diabasic  matter,  running  with 
the  bedding,  but  dike-like  and  not  separated  by  any  line  from  c. 

c.  First  comb  of  a  syenite  vein  in  which  the  ample  crystals 
of  hornblende  have  their  longer  dimension  transverse.  ' 

A.  Second  comb  of  syenite.  In  which  the  hprnbleude  crystals 
have  their  longer  dimension  coincident  with  the  walls  of  the 
vein. 

e.  A  comb  of  granulyte  not  isolated  on  either  side — very 
vitreous. 

/.  Third  comb  of  syenite,  in  which  the  hornblende  fn^ments 
are  variously  disposed- 

g~    Second  comb  of  vitreous  granulite. 

h.  Fourth  comb  of'syenite,  in  which  the  hornblende  is  dis- 
posed as  in  c. 

i.    Nearly  like  h. 

k.     A  vein  of  common  syenite. 

I.  A  portion  which  has  become  gneissic,  bntvery  fine  and 
flinty.      ■ 

m.  A  black  substance  resembling  hornblende  pulverized  and 
compacted  again. 

Rock  132.-    The  black  substance  last  mentioned. 

n.  The  portion  indicated  as  red  and  smoky  quartz  at  this 
point  varies  in  character  from  foot  to  foot.  It  becomes,  per- 
haps, predominantly,  a  flinty  granulite,  with  lumps  of  smoky 
quartz.  The  whole  mass  passes  to  the  water's  edge  as  a  regular 
dike  five  and  one- half  inches  wide,  with  a  strike  N.  68°  E.  and  a 
dip  S.  61". 
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7.  For  two  feet  beyond  this  dike  the  rock  is  ft  flinty,  flue 
syenitic  gneiss;  and  this  is  succeeded  by  a  flne  mica  schist,  ia 
which  small  grains  of  qnartK  are  abandantly  visible,  bnt  besides, 
is  curiously  fall  of  rounded  lumps  of  quarts  and  quartzite  about 
an  eighth  of  an  inch  long,  with  transverse  diameter  less.  It  con- 
tains also,  quadrangular  crystals  of  feldspar  ft'om  one-fourth  to 
one-half  inch  in  length.  This  mass  embraces  plenty  of 
granulite  intrusions.  It  extends  a  distance  of  thirty  feet.  It 
embraces  a  mass  (dike-like)  of  granulite  which  la  parte  contains 
an  abundance  of  excessively  flne  scales  of  mica. 

Rock  133.     Porphyritic  mica  schist. 

Other  irregularly  intruded  masses  are  abundant  and  some  of 
them  consist  of  very  flue  feldspar  and  quartz,  with  very  few 
small  scales  of  mica. 

S.  Mica  schist,  flue  and  well  characterized,  continuing  six- 
teen feet,  and  becoming  a  fine  hornblendic  mica  schist.  Then, 
with  obeouratiou  of  separate  grains  of  hornblendic  (or  augitio) 
material  it  passes  into  a  diabase- like  rock. 

9.  Diabase-like  rock — or  perhaps  a  mere  graywacke,  nine- 
teen feet.  It  is  intersected  by  many  dikes  and  veins  of  fine 
granulyte  and  fine  syenite  — though  the  dark  mineral  iu  the  lat- 
ter may  be  hydromica  or  viridite. 

10.  Mica  schist,  very  flue.  Mica  seems  to  be  mnscovite. 
Bock  variable  like  all  the  others  —  passing  to  a  graywacke 
aspect  and  then  distinctly  a  muscovitic  schist.  All  profoundly 
Intersected  by  dikes  and  veins  of  greenish  granulite.  Continues 
twenty-five  feet.     Stops  at  a  dike  eight  inches  wide. 

11.  Mixed  mass  of  hornblende  schistrand  intmsions  of  gran- 
ulyte and  syenite.  InexA-lcable  confusion.  Also  large  inclnsions 
of  porphyritic  syenite. 

12.  Syenite,  typical,  with  coarse  hornblende,  including  mas- 
ses of  hornblende  schist,  12  feet. 
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Pig.  3i  (hnfttted  mass  of  schist,  syenite  granulUe  and  porpkyriiic 
penile  on  Geology  I.    Farm  Lake. 

g.  granulite;  A.  «.  hornblende  schist;  p.  s.  phorphyritie  seniie;  q, 
qaarlzf  v.  tntreous;  d.  dun. 

,13.     Mica  schiflt,  intermingled  as  usnal. 

14.  An  exposure  which  is  fdndamentally  hornblende  schist 
—  in  places  muscovitic — but  contains  imbedded  pebbles  of  vari- 
ous kinds,  giving  it  in  places  the  appearance  of  a  plum-pudding. 
These  pebbles  are  mostly  rounded,  and  among  them  I  recognize: 

a.  Semivitreous  granular  quartzite. 

b.  Granular  qnartzite. 
€.   -Kne  syenit5e. 

d.  Syenite  with  scattered  large  grains  of  quartz. 

e.  Smoky  quartz. 

The  exposure  is  intersected  by  a  two  inch  dike  of  beaatifdl 
<liorite,  coasiBting  of  hornblende  and  a  pale  greenish  feldspar. 
Also  by  veins  of  quartz.  The  conglomeritic  character  is  confine<? 
to  a  distance  of  about  12  feet. 

I  have  given  this  little  island  quite  a  detailed  and  patient  ex- 
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amiaatiou.  FuDdamentally  it  appears  to  be  mica-horcbleude 
schist,  but  in  a  state  of  unstable  equiUbrium,  Bometimes  turaing 
to  mica  schist,  and  at  others  to  hornblende  schist. 

But  the  whole  mass  was  formed  in  immediate  proximity  to 
,  syenites  and  graoalites,  and  these  have  been  injected  into  it  with 
infinite  diversity  of  form,  direction  and  volume.  The  schists 
and  the  other  rocks  are  kneaded  together,  and  in  places  the  at- 
trition of  the  parta  produced  true  eonglomeritic  constituents. 
Afterward,  when  the  formation  became  somewhat  consolidated, 
it  was  rent  by  flrm-walled  fissnres  which  were  filled  by  the  vari- 
ous dike  materials — gi-anulyte,  fine  syenite  and  dioryte. 

This  little  island,  not  even  inditated  by  the  land  surveyors, 
possesses  remarkable  interest  geologic-ally,  a  wonderful  concen- 
tration of  rock  varieties,  geological  incidente  and  forms,  and 
well  deserves  the  name  of  Geology  island. 

SALT  236.  S.  E.  1,  K.  E.  1,  S.  34,  T.  73-11.  Porphyritio 
syenite  with  dikes  of  dusky  vitreous  quartz  and  coarse  granolite 
—  appearing  to  be  a  continuation  from  Geology  island. 


^iy-S^.Il^^rem,ic4x-  Schiat  t^arae^  -a-rau-it^i. 
■/n^Jtej   t>r^  ^/■a.Tuite. ,  Ji^Ut  S14-C,  Ta-T-m-  X«.?f<» 


HALT  237.  S.  E.  J,  N.  E.  i,  9.  34,  T.  63-11.  On  the  shore 
mica  schist  20  feet;  then  porphyritio  syenite  20  feet;  then  mica 
schist. 

SALT  238.  Very  near  last.  Muscovite  schist  standing  ver- 
tically. 

HALT  239.  20  rods  from  last.  Mica  schist  passing  into 
graywacke. 
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HALT  240.  Centre  of  N.  W.  \,  8.  3i,  T.  63-11.  A  cnrious 
exhibitioQ,  Q-reenish  hydromica  schist  warped  and  twisted  in 
vaf  loos  ways,  containing  ragged  masses  of  granite  and  granulyte 
which,  on  weathered  surfaces  of  the  formation,  project  from  one 
to  six  Inches  above  the  schist.  The  longer  axes  of  these  fragments 
are  conformable  with  the  schist,  even  bending  where  the  schist 
bends,  and  thus  proving  that  the  included  masses  were  plastic 
at  the  same  time  that  the  schist  was  plastic,  and  showing  that 
the  whole  mixture  was,  in  its  various  coustitnent  parts,  sub- 
jected to  softening  conditions.     See  figures  35  and  36. 


Rock  134.  Hydromica  schist,  some  of  which  shows  the  bent  in 
eluded  granite. 

HALT  241.  A  little  north  of  240.  Very  compact  biotite 
hornblende  schist,  extensively  intersected  by  dikes  of  fine 
granite. 

HALT  242.     Near  centre  N.  E.  1,  S.  34,  T.  63-11.     Fine  com- 
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pact  Ayenitic  gneiw,  irith  some  mica — related  to  the  fragments 
iDCladedat  Halt  240.  Portions  of  this  are  twisted  t<^etfaerwith 
mica  achiHt,  and  fiome  of  tha  latter  is  porphyritic,  like  that  t>n 
Geology  island. 

HALT  243.  X.  W.  I,  S.  E.  \,  S.  U,  T.  6311.  Graywacke 
schist,  striking  X.  70°  E.,  and  dipping  N.  88",  interbedded  with 
dike-like  beds  of  qnartz,  of  which  I  ooant  19  in  the  space  of  12 
feet.     In  the  midst  are  also  large  masses  of  fine  hard  gneiss. 

*^  12.       KiWlSHtWI    BITEE. 

This  is  a  winding,  irregnlar  stream  which  drains  Birch  and 
other  lakes  to  the  eastward,  interrnpted  by  frequent  rapids,  and, 
in  the  intervening  r^ons,  swelling  into  little  lakes,  some  of 
which  are  worthy  of  special  names.  My  personal  explorations 
extended  oi>  this  chain  of  waters  only  to  the  bonndary  of  Range 
10.  The  geology  of  the  vicinity  is  completely  accessible.  It  oc- 
cupies a  zoneof  mica  schists  half  or  three-foarthsof  a  mile  north 
of  the  syenite. 

HALT  244.  8.  W.  \,  S.  E.  1,  S.  27,  T.  63-11.  Mica  schist, 
■  very  compact  on  the  north,  and  shelly  on  the  south. 

HALT  245.  H.  W.  },  8.  E.  },,S.  27,  T.  63-11.  Mica  schist, 
very  compact,  exactly  like  last. 

HALT  246.  8.  E.  1,  S.  B.  i,  8.  27,  T.  63-14.  Mica  schist, 
like  last  two  Baits. 

HALT  247.  8.  W.  i,  8.  E.  1,  S.  27,  T.  fi3-ll.  Mica  schist, 
bnt  more  siticions  than  last. 

HALT  248.  N.  W.  \,  N.  E.  1,  S.  34,  T.  63-11.  Compact  mica 
schist  piiAsing  to  fine  gneiss. 

HALT  249.  N.  E.  I,  N.  E.  i,  8.  34,  T.  63-11.  Mica  schist, 
quite  characteHstic. 

HALT  250.  K.  E.  J,  N.  E.  \,  S.  34,  T.  63-11.  Mica  schist, 
like  last. 

HALT  251.  N.  E.  1,  N.  E.  i,  S.  34,  T.  63-11.  Mica  schist, 
weathereS  somewhat  columnar. 

HALT  2H2.  N.  W.  i,  S.  W.  i,  8.  35,  T.  63-11.  Compact 
mica  Bcbist. 

HALT  263.  N.  "W.  1,  N.  "W.  i,  8.  35,  T.  63-U.  Compact 
mica  schist. 

HALT  354.  N.  W.  1,  N.  W.  1,  8.  26,  T.  63-11.  Island  and 
rapids.     Compact  mica  schist.  .  This  is  the  narrows,  and  the 
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■  stream  makes  a  descent  over  rapids.  Here  is  a  portage  of  about 
20.feet  aoross  an  island.  The  lake  to  the  past  we  call  Friday 
lake. 

HALT  255.  N.  W.  i,  N".  "W.  i,  8.  35,  T.  63-11.  Near  section 
line.   '  Very  compact  mica  schist  in  vertical  cliff  25  feet  high. 

HALT  256.  S.  W.  1,  S.  E.  k,  S.  26,  T.  63-11.  On  island. 
Mica  schist  quite  charactycristic.     Strike  N.  72°  E.     Dip  3^.  66". 

HALT  257.  S.  E.  1,  S.  E.  i,  S.  26,  T.  62-11.  Graywacke 
schist  with  a  little  mica.     " 

HALT  258.  S.  E.  i,  S.  E.  \,  S.  26,  T.  63-11.  Graywacke 
schist,  some  of  it  with  a  little  hornblende. 

SALT  259.  9.  W.  i,  8.  W.  i,  8.  25,  T.  63-11.  Compact 
mica  schist  iuterbedded  with  graywacke  schist.  Present  again 
the  mnltitode  of  small,  ill-defined  silicioos  veins  seaming  the 
schist.  The  graywacke  schist  contains  much  feldspar  in  many 
distinct  grains  iu  undefined  outlines. 

HAXT  260.  S.  W.  i,  S.W.  k,  8.  25,  T.  63-11.  Compact  mica 
schist. 

HALT  261.  S.  W.  i,  S.  W.  i,  S.  30,  T.  63-10.  Bapids. 
Enormous  outcrop  of  syenite  with  little  qnartz,  a  reddish  feld- 
spar and  large  crystalline  fru^ments  of  hornblende.  The  forma- 
tion is  intersected  by  streams  of  fine  syenite,  the  hornblende 
crystals  in  which  lie  with  their  longer  dimensions  paralled  with 
the  stream.  In  the  main  formation  the  large  fragments  of  horn- 
blende— some  of  which  are  i  of  an  inch  long — lie  with  their 
longer  dimension  in  the  common  direction. 

HALT  262.  Centre  S.  E.  i,  8.  26,  T.  63-11.  Silicious  mica 
schist.  Many  quartz  veins.  Strike  E.  and  W.  Dip  about  verti- 
cal. Some  parts  are  intensely  hard,  and  the  abundance  of  the 
feldspar  makes  it  a  gneiss.  The  weathered  surfiice  of  this  looks 
like  a  diorlte  or  diabase,  the  mica  being  bydromica  and  veryiu- 
conspicoouB.  Perhaps  this  part,  though  so  hard,  may  be  pro- 
nounced one  of  the  varieties  of  that  heteromorphous  rock,  gray- 
wacke. 

HALT  263.  N.  side  S.  E.  i,  S.  26,  T.  63-11.  Mica  schist 
mass;  but  I  judge  from  the  attitude  that  it  has  been  displaced, 
though  certainly  not  far. 

HALT  264.  Near  centre  8.  26,  T.  63-11.  Mica  schist.  The 
quartz  is  very  fine  and  there  are  small  disseminated  grains  of 
feldspar.  I  eospect  the  micaceous  constituent  begins  to  be  seri- 
citio. 

HALT  265.    IT.  E.  i,  S.  W.  1,  S.  24,  T.  63-11.    Here  the  miea- 
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ceous  coDstituent  is  less;  the  feldspathic  is  more  abandant  and  ■ 
formiug  a  grouudmass,  making  a  roclt  approachiug  a  felsitic 
schist,  in  places.     In  other  plaoes  it  is  more  micaceous,  but  con- 
tains imbedded  fragments  of  syenite  and  quartz  veins. 

LI  266.  N.  E.  i,  S.  B.  1,  S.  26,  T.  63-11.  Island,  -game 
as  last,  with  a  farther  remove  from  mica  schist.  Bock  presents 
a  massive  exterior,  but  broken  specimens  show  a  bedded  struc- 
ture. I  see  no  indications  of  mica  or  quartz.  It  is  no  more  a 
gi-aywaeke  than  a  mica  schist.     Glacial  striae  S.  29°  W. 

HALT  267.  9.  K  1,  S.  W.  J,  8.  26,  T.  63-11.  The  rock  ex- 
hibits a  recession  toward  mica  schist.  It  is  still  hard  and  pre- 
sents, as  far  as  I  can  judge,  in  the  main,  a  sort  of  graywacke 
constitution,  with  a  dlabasic  aspect;  bat  there  are  courses  of  & 
pale  brownish  or  whitish  mica-like  mineral  which  is  soft  and 
inelastic,  and  I  therefore  designate  the  rock  sericitic  graywacke 
schist. 

HALT  268.  8.  B.  i,  S.  W.  i,  8.  26,  T.  63-11.  Sericitic  gray- 
wacke schist. 

HALT  269.  8.  "W.  i,  8.  W.  \,  S.  26,  T.  63-11.  North  side  of 
rapids.     Mica  schist  very  compact. 

HALT  270.  N.  B.  i,  N.  "W.  i,  S.  34,  T.  63-11.  Mica  BchUt> 
characteristic. 

§  13.        BASSWOOD   LAKE. 

Xext  to  Vermilion  lake  in  extent  of  surface,  Basswood  lake 
presents  similar  irregularity  of  outline,  with  numerous  deep 
bays,  but  with  fewer  islands,  and  accordingly  broader  expanses 
of  water.  It  lies  on  the  national  boundary,  and  some  of  its  deep 
bays  protrude  into  Canadian  territory.  Its  extension  along  the 
boundary  is  about  11  miles.  It  stretches  from  the  eastern  paJt- 
of  T.  65  9  to  the  western  part  of  T.  65-10.  From  the  boundary 
in  T.  65-10,  one  of  its  arms  extends  southwestward  into  the  cen- 
tre of  T.  64-11.  It  may  be  conveniently  divided  into  five  great 
bays  or  arms,  for  purposes  of  nomenclature.  Arm  I  lies  chiefly 
in  sections  11,  12,  13  and  14,  of  T.  64-10.  Arm  II  straggles 
through  the  northwestern  portion  of  the  same  town,  covering 
more  or  less  of  sections  5,  6,  7,  8,  9,  17  and  16.  Arm  III  covers 
sections  3,  4,  9  and  10.  Arm  IV  stretches  far  southwestward  to- 
ward Fall  lake,  covering  portions  of  sections  6,  T,  64-10  and  1, 
2,  H,  12,  13,  14,  15,  22.  23,  T.  64-11.  Arm  V  lies  parallel  with 
this  on  the  northwest,  and  covers  portions  of  sections  36  and  35 
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in  T.  65-11,  and  of  sections  1,  2,  3,  4,  8,  9  and  10  in  T.  64-11.  lu 
continuation  of  tbe  axis  of  Arm  IV  ia  that  of  Arm  YI,  which  pene- 
tnites  8  miles  beyond  the  remotest  point  of  tbe  national  bound- 
ary, near  Northeast  Cape.  The  whole  length  of  water,  from  the 
northern  extremity  of  Arm  IV  to  the  southern  extremity  of  Arm 
IV,  is  about  18  miles.  On  the  American  side  it  extends  into  six 
different  townships. 

No  attempt  will  be  made  to  give  a  physiographic  description. 
The  country  which  it  occnpies  contains  many  rounded  bosses 
and  ranges  of  hills,  some  of  which  attain  probably,  an  elevation 
of  two  hundred  and  fifty  feet.  The  immediate  shores  along  tbe 
American  side,  are  generally  rocky,  and,  where  not  denuded  by 
fire,  are  covered  by  a  medium-sized  growth  of  pines,  poplars,  fir, 
spruce  and  white  birch.  Some  of  the  bays  abound  in  wild  rice, 
and  this  is  especially  the  case  with  Bays  I  and  II.  To  these  the 
Indians  habitually  resort  in  the  season.  The  lake  is  frequently 
swept  by  winds,  and  as  there  are  in  places  expanses  of  fonr  to 
ten  miles  of  watery  surface,  canoe  navigation  becomes  difficult 
and  sometimes  perilons. 

Prom  Fall  lake  there  are  three  customary  routes  of  approach 
to  BasBwood.  Something  depends  on  the  direction  of  the  in- 
tended voyage  ail«r  reaching  the  lake.  If  one  purposes  pro- 
ceeding eastward  along  the  boundary,  or  southward  into  New- 
found and  Moose  lakes,  it  is  customary  to  proceed  to  tbe  ex- 
tremity of  Fall  lake,  in  9.  W.  i,  S.  36,  T.  64-11,  and  pass  by 
three  portages  to  Saturday  and  TJrn  lakes,  into  Arm  II.  If  it  is 
intended  to  go  westward  along  the  boundary,  it  is  custconary  to 
pass  over  the  rapids  out  of  Fall  lake  into  Newton  lake.  XTiesc 
are  in  the  S.  W.  i,  9.  3,  T.  63-11.  Newton  lake  leads  by  Pipe- 
stone rapids,  S.  W.  i,  S.  22,  T.  64-11,  into  Arm  IV  of  Basswood 
lake.  From  this  the  journey  may  be  continued  westward,  or,  if 
the  long  portages  by  the  first  ronte  eastward  are  to  be  avoided, 
an  easy  portage  of  half  a  mile  leads  from  Arm  IV,  near  the 
centre  of  9.  6,  T.  64-10,  to  Arm  II;  and  from  the  northeasterly 
point  of  this  another  easy  portage  leads  to  the  nearest  point  of 
Arm  III,  whence  three  miles  of  canoe-travel  lead  to  Arm  I  as 
before. 

The  description  of  the  geology  of  Basswood  lake,  so  far  as  ob- 
served by  me,  will  proceed  fVom  Fall  lake  over  the  portages  into 
Arm  I  and  thence  eastward.  It  will  then  return  to  Fall  lake 
and  pursue  the  course  down  the  rapids,  through  Newton  lake 
and  along  the  east  shore  of  Arm  IV,  and  thence  crossing  its 
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mouth  to  the  main  shore  westward  toward  Ci-ooked  lake.  Arm 
V  was  not  Tieited  by  the  writer,  nor  the  west  shore  of  Arm  IV. 

HAL  T  401.  S.  W.  i,  N.  E.  i,  8.  36,  T.  64-11.  Saturday  lake. 
Chloritic  argiliite. 

SALT  402.  S.  "W.  i.  N.  W.  I,  S.  36,  T.  64-11.  Compact 
Berici tic  schist — parts  felsitic. 

Sock  174.  Compact  aericitic  schist. 

SALT  403.  8.  W.  J;  N.  E.  J,  S.  36,  T.  64-11.  Sericitic  schist. 
Strike  N.  SI"  E.     Dip  vertical. 

SALT  404.  N.  B.  1,  N,  E.  k,  S.  36,  T.  64-11.  BluiBh-green 
rock,  especially  on  weathered  surfaces;  fundamentally  a  sericitic 
argillitic  chloritic  schist;  but  on  the  weathered  exterior  looking 
somewhat  like  a  conglomerate,  in  conBequence  of  the  presence  of 
many  massesof  diSerentconstitution  from  the  matrix,  butonly 
partially  isolated  fromit.  Some  of  these  masses  contain  disseminat- 
ed grains  of  qaartz,and  are  of  fine,  light  color,  but  on  being  broken, 
are  greenish,  schistose,  and  little  distinguishable  from  the  general 
matrix.  This  rock  is  considerably  like  that  at  Halt  318. 

Rock  17S.     Sericitic  chloritic  argillite. 

SALT  405.  N.  W.  i,  N.  W.  i,  S.  31,  T.  64-10.  Sericitic 
argillite. 

The  portage  out  of  Saturday  lake  starts  from  a  point  near  the 
intersection  of  the  town  line  and  north  line  of  S.  31.  The  port- 
age to  Urn  lake  is  dry  and  plain.  The  forest  Is  largely  white 
birch,  aud  there  are  evidences  of  much  Indian  occupation.    ' 

HALT  406.  Centre  N.  E.  i,  S.  36,  T.  63-11.  Sericitic  schist, 
argillitic. 

SALT  406  bis.  N.  E.  i,  8.  "W.  i,  S.  30,  T.  64-10.  Urn  lake. 
North  of  entrance  to  lake.  Ground  completely  covered  with  sy- 
enite boulders  and  fragments. 

SALT407.  N.  E.  i,  N".  E.  1,  8.  30,  T.  64-10.  Sericitic  schist, 
rather  compact. 

^^^2*408.  S.  E.  i,  N.  E.  i,  8.  30,  T.  64-10.  Silicious  sericitic 
argiUite. 

Rock  176.     Silicious  sericitic  argillite. 

SALTV)9.  X.  B.  1,  H.  B.  1,  S.  30,  T.  64-10.  Seri^tic schist 
compact,  warped,  with  many  veins  of  granulyte. 

SAL  T  410.  Pour  rods  north  of  Halt  409.  A  boss  of  rock  which 
I  incline  to  consider  doleryte.  It  is  dark  gray,  fine  grained  with 
glistening  points,  crystals  of  calcite  and  a  grouudmaes  of  a 
dark  mineral  likely  to  be  labradorite.  There  is  a  breadth  on  the 
shore  of  twenty-five  feet,aQdItrace  it  back  about  thirty  feet.  la 
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some  parts  the  calcite  Ib  disseminated  in  the  form  of  amygdnles^ 
and  on  weathered  sarfacee  they  are  diSBOlved  out. 

fiorffcl77.     Doleryte. 

Bock  178.     Amygdaloid. 

RALT  411.  N.  W.  i,  N.  W.  k,  S.  29,  T.  65 10.  Great  maae  of 
fragments  of  porphyritic  graunlyte.  Eock  apparently  not  for 
from  outcrop.  Most  of  the  rock  material  is  feldspar;  bat 
there  are  many  disBeminated  grains  of  gnartz,  and  many  snch 
grains  are  imbedded  in  the  feldspar  individaals,  as  if  the  Feld- 
spar had  grown  around  them  and  included  them. 

Eock  169.    Porphyritic  grannlyte. 

In  some  parts  are  very  fine  scales  of  a  whitish  mica-like  miu- 
eral. '  Close  by  are  great  fiat  masses  of  greenish  serioltic  mica 
schist,  t  Also  ft^ments  of  coarse  muscoTite  schist. 

SALT  412.  N.  B.  i,  N.  W.  i,  S.  29,  T.  64-10.  feericitic 
schist  varying  to  Billcious  sericitic  schist.  Strike  N.  85°.  Dip 
75°  N. 

This  lake  is  very  shallow  in  the  eastern  part,  and  the  mad  is. 
four  to  eight  feet  deep.  The  portage  b^ns  at  the  foot  of  a  little 
bay  filled  with  aquatic  plants,  Euid  one  can  not  get  the  canoe 
within  thirty  feet  of  solid  land — and  that  is  a  swamp. 

MALT  413.  N.  W.  i,  N.  W.  *,  8.  20,  T.  64-10.  On  portage. 
Very  fine  dark-colored  mica  schist,  with  an  obscure  hornblendic- 
aspect.     ■ 

Bock  180.     Fine  mica  schist. 

SALT  414.  K.  W.  1,  N.  W.  i,  8.  20,  T.  6410.  Basswood 
lake.  Outcrop  at  end  of  portage.  Bock  which  seems  to  be 
either  diabase  or  norite. 

SALT  il8.  S.  E.  i,S.  E.  i,S.  17, T.  64-10.  Bock  with  horn- 
blende and  feldspar,  and  without  qoartz — dioryte  schist.  Some 
of  the  shining  diallagic  crystals  can  scarcely  be  distinguished 
from  biotite. 

SALT  417.  S.  E.  i,  S.  E.  i,  S.  17,  T.  64-10.  Hornblende- 
schist,  compact  and  fine,  with  indications  of  minute  mica  scales. 
The  amount  of  quartz  is  slight,  and  portions  may  be  more  cor- 
rectly indicated  as  dioryte  schist — or  perhaps  hyposyenite 
schist. 

SALT41G.  S.  W.  J,  8.  W.  i,  S.  16,  T.  64-10.  Homblende^ 
schist  very  compact  and  fine,  with  a  slight  indication  of  minute 
mica  scales. 

Mock  181.     Hornblende  schist. 

SALT  ilo.     N.  W.  i,  K  "W.  i,  8.  21,  T.  64-10.     Essentially 
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fine  mica  schist,  but  different  parts  are  in  different  conditioDs. 
Some  is  characteristic  muscovite  schist,  compact,  with  flat  leotj- 
ciiles  of  quartz;  other  i>art8  are  still  liner,  and  one  only  seea  the 
mica  particles  under  a  lens  by  getting  reflections  of  snnlight. 
The  muscovite  seems  to  be  in  a  nascent  state. 

The  whole  formation  is  considerably  warped  and  plicated,  bnt 
there  are  no  granite  veins  seen,  though  the  exposure  is  an  acre 
•or  so.     Strike  N.  67°  E.     Dip  N.  75°. 

SALT419.  8.  E.  1,  S.  W.  1,  9.  H,  T.  6410.  Hornblende 
-and  feldspar —  probably  triclinic  It  may  be  dioryte  schist,  but 
very  massive.     The  dark  mineral  may,  however,  be  augite. 

HALT  420.  8.  E.  4,  8.  "W.  i,  S.  16,  T.  63-14.  Diatinctly 
schistose,  but  finer-grained  than  the  last,  and  approachijig  the 
character  of  a  gray  wacke. 

//ALT421.  :Near  centre  of  8.  16,  T.  64-10.  Mica  schist  and 
igranite. 


»n*y^^      ^-  f  S^'3^-   y      '»^'  y  ff. 

The  granite  is  a  hydromica-biotite  granite.  It  altematee  with 
the  mnscovite-biotite  schist  in  thick  beds  as  shown  in  Fig.  37; 
.and  in  places  is  intertwisted  in  an  Intricate  fashion. 
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The  granitfi  is  Dot  properly  in  the  form  of  veins  or  dikes,  and 
the  schist  is  not  glterpd  where  in  contact  with  the  granite,  or 
even  embraced  in  it. 

At  the  beginning  of  the  shore  ontcrop,  the  granite  and  the 
mica  schist  are  intimately  interlaminat«d  for  a  space  of  four  or 
five  feet. 

Back  from  the  shore  is  a  hill  seventy-five  feet  high,  composed 
of  syenite  and  a  fine  schist,  in  which  the  fine  darlt  mineral  is 
probably  hoiiiblcnde,  but  may  be  biotite.  In  other  specimen.^  it 
is  certainly  biotite. 

HAhT^'n.  9.  W.  \.  S.  E.  1,  S.  16,  T.  64-10.  Biotite  schist 
and  hydromica-biotitc  granite. 

KALT^SSi.     N.  E.  1,  y.  E.  i,  S.  16,  T.  64-10.     Syenite. 

WALT 42i.  N.  E.  i,  N.  E.  i,  S.  16,  T.  64-10.  Syenit*,  bnt 
■with  a  more  hornblendic  syenitic  gneiss  imbedded  in  fragments. 

Eock  182,    Byenite — two  varieties. 


ibyCoOglc 


98  FIFTEENTH  ANNUAL  SEPOBT 

.     Some  of  the  dark  mineral  in  the  inclnded  fragmenbs  is  biotite 
in  part. 

SALT  225.  N.  B.  i,  N.  W.  k,S.  1.%  T.  64-10.  Cliff  fifty  feet 
high.  Arm  I  of  Baeewood  lake.  Mica  schist  passing  on  one 
hand  into  graywacke  schist  and  on  the  other  into  gneiss. 

Bode  183.     Gniywackenitic  mica  schist.    . 

Bock  184.     Mica  schist  passing  to  gneiss. 

B:JJjT42&.  N.  W.  i,  N.  W.  },  S.  15,  T.  64-10.  Biotitic 
gneiss. 

SALT  427.  Centre  S.  E.  i,  9.  10,  T.  64-10.  Island.  Syenite 
— some  with  red  oi'tfaoclase — some  with  lumps  of  a  more  horn- 
blendic  gneiss  included. 

SALT  428.     N.  E.  i,  N.  E.  i,  S.  10,  T.  64-10.     Biotite  granite. 

SALT4SS.  8.  E.  J,  H.  B.  \,  S.  11,  T.  64-10.  Syenite— some 
with  red  orthtv^lase,'  some  with  white. 

SALT^a.  S.  W.  i,  8.  W.  i,  8.  12,  T.  64-10.  Syenite, 
typical;  but  it  indoees  some  masses  of  biotite  schist,  which 
weather  green  and  fibrous.  Portions  of  the  syenite  are  also  re- 
placed by  biotite  gneiss. 

[Observation.  This  point  is  thirty-eight  miles  in  a  straight 
line  from  Tower;  and  yet  we  hear  with  great  distiDCtness,  the 
blasting  in  the  iron  mines.  The  sonnds  are  like  those  of  very 
heavy  thunder  from  below  the  horizon.] 

SALTAZl.  S.  E.  i,  S.  E.  \,  S.  11,  T.  64-14.  Syenite, 
typical. 

SALT4A2.  S.W.  i^IT.E.  1,  S.  14,64-10.  Island.  Pnndament- 
ally  a  schist  which  is  veryfineand  sonearly  intermediate  between 
biotitic  and  hombleudic  that  I  can  not,  with  a  pocket  leHs,  assign 
its  position.  One  bed  two  feet  w^e,  is  elegantly  banded  black, 
red,  green  and  gray.  The  black  is  undoubtedly  hornblendic; 
the  red  is  orthoclasic;  the  green  is  epidotic,  and  the  gray  is 
graywackenitic. 

Bock  185.     Mica  schist  with  colored  bands. 

Some  parts  of  the  formation  are  distinctly  a  hornblendic 
schist.     The  bedding  is  distinct.     Strike  N.  68°  B.     Dip  30°. 

HALTiZ2  Jns.  N.  E.  k,  N.  E.  1,  S.  14,  T.  64-19.  Very  fine 
mica  schist,  but  much  like  the  rock  at  Halt  432.  Strike  varies 
in  a  rod /rom  N.  68°  E.  ^  N.  78"  E. 

SALTiSS.    S.  B.  1,  N.  W.  i,  S.  14,  T.  64  10.    Argillitic  chlo- 
ritic  sericitic  schist. 
■      SALT  434.     S.  W.  J,  8.  B.  i,S.  15,  T.  64-10.     In  the  marsh 
contiguous  to  a  little  lake  which  I  call  Lost  lake. 
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I  reached  this  lake  in  the  effort  to  reach  Wood  lake  on  the 
vay  to  Moose  lake.  We  found  no  portage  in  that  direction.  We 
poshed  np  a  slnggish,  winding  creek  ahoot  a  mile  in  a  straight 
line.  Retreated  with  the  intention  of  reaching  Moose  lake 
through  Carp  and  Newfonnd  lakes.  Wild  rice  is  very  abund- 
ant in  all  this  vicinity. 

SALT  435.  S.  W.  i,  N.  W.  *,  S.  12,  T.  64-lft.  Hornblende 
rock,  but  the  outcrop  is  small,  and  syenite  may  lie  on  either 
hand. 

SALTiSe.  S.  W.  i,  N.  W.  i,  S.  12,  T.  64-10.  Island.  Syen- 
ite, but  the  exposure  is  slight,  fragments  cover  the  ground. 

HALT  437.  Centre  of  S.  12,  T.  64-10.  Ground  strewn  with 
angular  fragments  of  syenite. 

SALT^S.  ».  W.  comer  N.  E.  k,  S.  12,  T.  64-10.  Syenite. 
Some  of  the  outcrop  along  thia  shore  is  horizontally  bedded  In 
beds  two  to  three  inches  thick,  which  separate  like  strata. 

Sockim.  Syenite  from  Halt  438. 

SALT 4^9.  S.  E.  i,  S.  E.  i,  S.  1,  T.  64-19.  Syenite,  not 
bedded. 

fl'^xr440.  Close  by  the  town  line.  Syenite  horizontally 
bedded,  and  looking  quite  schistose. 

All  along  this  shore  the  syenite  proves  to  be  horizontally 
bedded  —in  some  places  tbe  beds  only  an  inch  thick. 

SALTU).  8.  W.  i,  N.  W  i,  S:  6,  T.  64-9.  Bedded  syenite 
giving  a  slaty  impression;  but  examination  shows  that  the  di- 
viding planes  are  joints.  The  leaves  range  from  half  an  inch  to 
two  inches  in  thickness. 

Next  eastward  follow  four  or  five  miles  of  shore  line  without 
any  ontcrop.  The  beach,  however,  is  covered  with  angular 
fragments  of  syenite. 

^4X5" 445.  S.  R  i,  S.  E.  I,  S.  33,  T.  65-9.  The  numerous 
shore  iVagments  are  mostly,  as  heretofore,  of  syenite,  having 
whitish  feldspar,  but  there  are  some  with  masses  of  hornblende 
rock,  and  I  preserved  one  piece  in  which  prisms  of  hornblende 
are  pretty  well  preserijed. 

Eofk  187.     Syenite  with  crystalized  hornblende. 

SALTU3.  S.  W.  i,  S.  E.  i,  S.  34,  T.  65-9.  Bedded  syenite 
as  before.  Also  massive  feldspar  and  white  quartz  plentiful.  I 
find  fragments  consisting  of  alternate  layers  of  red  syenite  with 
little  hornblende,  and  dark  syenite  with  mncli  hornblende  and 
red  orthoclase.  Both  are  evidently  finely  laminated.  I  find 
also  fragments  with  hornblende  schist  in  contact  with  syenite. 
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Also  fragments  of  very  coarse  graQnlite.  Also  fragments  of 
muscovite  schist,  i 

Rock  1S8.    Syenite  from  Halt  443.     Thin  scale  —  not  bedded. 

Back  from  the  shore  a  quarter  of  a  mile,  the  syenite  nae»  in  a 
hill  fifty  feet  high.  Here  it  embraces  masses  of  other  sorta  of 
syenite  and  schists. 

Sock  189.  Hornblende  schist  embraced  in  the  syenite  last 
mentioned. 

H^ir444.  N.  W.  1,  S.  E.  i,  9.  30,  T.  65-9.  Island.  We  find 
no  rocks  in  place.  The  beach  is  lined  with  very  large  fragments 
of  the  usual  syenite.  I  see  also  some  large  slabs  of  biotite  schist. 

Walked  around  the  island  but  found  no  outcrop,  though  I  am 
sure  the  syeuite  is  near.  The  schist  fragments  do  not  appear  fre- 
qnently  except  on  the  south  side. 

SALT  445.  N.  E.  i,  S.  K  J,  S.  34,  T.  65-9.  Horizontally 
bedded  syenite. 

SALT  446.  S.  W.  i,  N.  E.  i,  S.  25,  T.  65-9.  Syenite,  some 
with  reddish  feldspar. 

HALTWl.  Centre  of  S.  E.  J,  S.  35,  T.  65-9.  Syenite,  but 
not  so  massive  and  homogeneous  as  heretofore.  It  is  compact, 
fclsitic,  with  a  disposition  to  bedding  with  a  steep  dip  N.  E. 
Also  some  sericitic  matter,  as  if  preparing  to  become  a  schist. 

HALT44'S,.  S.  W.  1,  S.  E.  1,  S.  ;i9,  T.  65  9.  Syenite  more 
massive  than  last,  and  less  felsitic,  but  mostly  less  granular  than 
the  syenite  seen  during  the  day. 

HALT  449.  S.  B.  k,  S.  E.  \,  S.  35,  T.  65-9.  On  the  beach, 
alternating  beds  of  gneiss,  dioryte  schist,  granulytc,  fine  biotite 
schist  wrapped  around  lumps  of  common  syenite.  Strike  K.  20° 
E.   Dip  50". 

Further  back  the  formation  is  somewhat  massive  syenite,  but 
with  a  bedded  aspect. 

HALT  450.  N.  E.  i,  K  W.  1,  S.  2,  T.  64-9.  The  syenite  here 
is  gneissoid. 

HALT  451.  N.  W.  i,  K  W.  i,  S.  2,  T.  64-9.  Mass  very  lai^ 
but  dctAChed.  It  i.-s  a  fine  example  of  interbedding  of  schists  and 
gneissL'S  with  included  masses  of  syenite. 

HALT  4^2.  Near  centre,  S.  2,  T.  64-9.  A  fine  exhibition  of 
the  transition  from  gneiss  to  schist.  The  outcrop  is  fifty  feet 
long  and  all  distinctly  bedded.  The  schists  are  predominantly 
liornblendic,  weathering  gieen  and  bluish.    Strike  N.  80°  E.  Dip t 

Here  are  alternating  beds  of  the  following  rocks: 

Syeuitic  gneiss  and  syenite. 
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Hornbleade  schist. 

Orannlyte  schist  * 

ChlorJtic  schiat. 

Biotite  schist. 

The  BchiBt  beds  are  in  part  limited  in  length  —  in  part  con- 
tinuons  across  the  exposure  —  warping  around  lumps  of  syenite 
when  the;  are  not  in  bedded  form.  The  interbedding  of  the 
syenite  and  schists  is,  in  places,  so  intimate  that  the  rock  is  a 
visible  mixture  of  the  constituents  of  both,  and  both  kinds  of 
rock  lose  their  ideutity. 

Nothing  can  be  more  evident  than  that  the  syenite  and  schists 
were  formed  contemporaneously  and  under  the  same  conditions 
— whether  igneous  or  sedimentary^  but  it  appears  that  masses 
of  older  syenite  existed,  from  which  fragments  were sepaiated  to 
mingle  with  the  forming  bedded  terrane.  But  the  older  syenite 
was  not  necessarily  quite  solid;  it  may  have  been  aqueo-igneouKly 
plastic. 

Transitions  of  this  chai-acter  between  the  syenite  and  the 
schiste  are  little  &vorable  to  the  theory  that  they  belong  to  two 
different  Great  Systems. 

Bock  190.  Specimens  illustrating  the  transition  from  syenite 
to  schiste. 

The  "chloritic  Schist"  is  mostly  confined  to  thin  partings. 
The  biotite  is  mostly  mixed  with  hornblende. 

This  locality  is  near  the  eastern  limit  of  Basswood  lake.  The 
course  of  a  few  following  observations  is  westward,  touching 
some  of  the  northern  shores  of  the  same  bays. 

HALT  630.  S.  E.  i,  N.  E.  i,  S.  2,  T.  64-9.  Island.  Syenite 
with  pink  feldspar. 

HALT  885.     Island  north  of  point  in  S.  35,  T.  65-9,     Syenite. 

SALT  886.  One-third  of  a  mile  west  of  Halt  885.  Syenite. 
This  is  a  good  medium-grain,  typical  syenite,  with  the  three  con- 
stituente  clearly  defined  and  in  about  equal  proportions.  Very 
suitoble  for  constructions. 

HALT  887.  By  three  1<^  cabins,  on  a  large  island  lying  in 
Section  2,  T.  64-10.  Syenitic  gneiss  and  schist  interbedded 
The  islands  and  main  shore  northwest  of  this  are  occupied  by 
syenitic  gneiss.  Diorite  occurs  in  the  northeast  corner  of  Sec- 
tion 4,  T.  64-10. 

SALT  888.  N.  W.  i,  S.  4,  T,  64-10.  At  entrance  to  terminal 
bay  of  Arm  4,  Basswood  lake.  Syenitic  gneiss  and  mica  schist. 
The  opposite  shore  of  this  bay  is  syenitic  gneiss. 
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,  A  portage  leads  from  near  the  head  of  this  bay  notthvest  to  a 
bay  belonging  to  Arm  II.  It  Is  very  wet  for  a  few  rods,  then 
elevated  and  dry  for  a  third  of  a  mile. 

HALT9&9.  Near  centre  of  S.  5,T.  64-10.  Syenitie  gneiss  and 
mica  schist  interbedded. 

An  island  in  the  northern  protuberance  of  Arm  II  is  of  mica 
schist,  and  the  same  occurs  on  the  point  of  main  land  immedi- 
ately south  of  it;  while  the  main  land  northwest  is  dioritic. 

The  course  of  the  observations  now  returns  to  the  oatlet  of 
Fall  lake  at  the  rapids. 

HALT  631.  N.  W.  i,  S.  W.  i,  S.  3,  T.  63-11.  At  the  rapids. 
A  bank  of  decomposing  sericitic  schist,  appearing  like  mere  drift. 

The  rapids  convey  enough  water  to  permit  a  cauoe  to  be  guided 
down  without  portaging,  but  the  operation  is  difficult  at  time  of 
low  water. 

HALT^ZIi.  S.  "W.  \,  N.  W.  i,  S.  34,  T.  64-11.  Newton  lake. 
Very  compact  chloritic  schist  on  the  beachj'adjoining,  further 
back,  chloritic  schist  weathering  green,  and  with  veins  of  quart^j 
and  still  farther  back,  on  the  hillside,  a  conglomerate  looking 
chloritic  schist  containing  many  veins  and  lumps  of  quartz,  and 
detached,  angular,  elongated  fragments  of  the  same  sort  of  rock, 
but  a  little  harder.  The  rook,  accordingly,  weathers  very  rough. 
Strike  obscure — seems  to  be  N.  12°  E,     Dip  about  vertical. 

SALTQ^.  Centre  N.  W.  \,  S.  34,  T.  64-11.  On  the  shore 
is  a  rugged  mass,  distinctly  schistose  but  composed  largely  of  a 
mineral  of  a  dull  green  color,  and  lamellar  crystallization  re- 
sembling what  I  called  augite  on  White  Iron  lake,  but  here  more 
probably,  massive  chlorite.  Strike  N.  6°  W  T 
'    Bock  252.     Chlorite  rock. 

Back  of  this  is  compact,  finegrained,  even  aphanitic,  sericit* 
schist,  quite  silicions. 

Rock  253.     Aphanitic,  silicions  sericitic  schist. 

Some  parts  of  this  contain  many  imbedded  specks  which  ap- 
pear to  be  feldspathic. 

Rock  254.    Aphanitic  sericitic  schist  with  feldspathic  specks. 

The  narrows  in  this  lake  are  not  rapids.  Only  a  few  holders 
obstruct  the  passage. 

HALTm\.  N.  W.  i,  N.  E.  i,  8.  34,  T.  6411.  Seridtie 
schist  parts  of  which  contain  innumerable  thin  laminee  of  red- 
dish feldspar.  Strike  N.  and  S.  Dip  vertical.  In  some  parts 
the  feldspar  is  in  the  form  of  numerous  small  lenticules,  la  some 
places  thin  layers  of  quartz  are  interbedded. 
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Jtock  255.     Sericitic  schist,  Halt  634. 

SALT  6^.  8.  W.  },  S.  26,  T.  64-11.  Compact  sericitic  schist, 
almost  aphanitic,  breaking  into  huge  timber-like  and  plank-like 
pieces  witb  striated  sarfaces  suggesting  tbe  grain  of  wood.  Strike 
N.  86"  E.  (!)    Dip  60=  N. 

Some  portions  are  filled  with  minnte  whitish  shining  scales, 
as  if  a  mica  schist  were  emerging  into  visibility. 

Rock  256.    Sericitic  schist  with  minnte  shining  scales. 

These  scaler  appear  especially  on  the  weathered  surface.  This 
part  of  the  rock  is  silicious. 

The  formation  contains  masses  of  quartz  and  of  grannlyte. 

HALT&Z6.  N".  E.  1,  8.  27,  T.  64-11.  Aphanitic,  thin  lamin- 
ated sericitic  schist.     Strike  N.  70"  E.     Dip  N.  60°. 

HALT^ST.    N.  B.  cor.  8.  27,  T.  64-11.   ,  Chloritic  schist,  thin 
laminated,  easily  crumbling  into  small  scales.    Weathers  rough,  . 
with  perforationB.     Strike  N.  86°  W.     Dip  vertical.     Contains 
masses  of  quartz  crystals  and  of  feldspar,  and  in  places  is  inti- 
mately interlaminated  with  them. 


0,-au.tX.rCz.,    a-,tt,a.,  cKlffx'i'tit.    *aMtt    wn-xpti      aivt.  >*»  f Wo 

a  a  a,  chloritic  schist,  warped. 

Portions  are  considerably  plicated,  and  the  plications  are 
sometimes  almost  fanlted,  as  at  a  a  a. 

HALTeSS.  S.  E.  cor.  8.  22,  T.  64-11.  Chloritic,  sericitic, 
argillitic  schist,  with  minute  shining  scales,  as  if  about  to  be- 
come mica  schist.    Strike  N.  82°  E.    Dip  82°. 
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Sock  257.     N'asoent  mica  schist. 

At  the  Qortbern  extremity  of  Ifewton  lake  is  a  fine  waterfall. 
The  stream  is  10  rods  wide  aud  tbe  descent  aboot  8  feet,  in  a 
broken  plunge.  It  descends  into  a  gorge  bounded  on  th«  west 
by  a  precipitous  rock  walJ,  and  on  the  east  by  a  steep,  earth- 
covered  cliff,  in  which  the  "  pipestone"  is  contained  which  gives 
name  to  these  falls.  These  beds  are  exposed  at  the  head  of  the 
falls,  on  the  east  side.  They  are  not  much  valaed  for  plpestone 
—  being  too  silicioas.  They  are  intercalated  in  silicions  schists 
and  possess  a  blnish  color.  The  main  portage  enters  at  the  most 
northern  point  which  a  canoe  can  reach,  and  is  not  over  10  rods 
long,  coming  out  at  the  foot  of  the  falls. 

UA  L  T  639.  At  foot  of  falls.  Outliers  of  the  formation  con- 
sist mostly  of  quurtz;  but  this  is  in  masses  wrapped  in  chloritie 
,  si'hist,  indicating  that  the  replacing  process  seen  began  at  Halt 
637  (see  fignre)  has  here  been  carried  to  extreme. 

HALT  640.  At  expansion  of  the  gorge  on  the  east  side.  The 
blufi'  here  is  a  mixture  and  alternation  of  syenitic  gneiss,  horn- 
blende schist  and  chloritie  schist. 

Rock  258.     Syenitic  gneiss  as  above. 

SALT  641 .  Foot  of  falls  west  side.  Escarpment  thirty  feet 
high,  Syenitic  gneiss  as  at  Halt  640.  It  is  distinctly  bedded  in 
conformity  with  the  schists  of  the  region.  It  contains  a  chlorite 
constituent,  and  is  int«rst  rati  fled  with  portions  approaching 
chlorite  schist.  All  the  joints  are  lined  with  a  film  of  chloritie 
schist. 

Bock  259.     Syenitic  gneiss  as  above. 

Twenty  feet  further  down,  the  gneiss  is  succeeded  by  fine  com- 
pact graywacke  schist  containing  in  places,  mica  scales. 

Rock  260.     Gray wacke  schist  as  alwve. 

But  between  this  and  the  gneiss  is  an  intermediate  condition 
in  which  the  schistose  nnd  goeissic  constituents  appear  commin- 
gled in  a  fine  magma,  but  not  homogeneously  mixed,  since  the 
laminar  coloration  reveals  the  contrasts  among  them. 

Rock  261.     Magma  as  above. 

The  graywacke  mica  schist  described  has  a  strike  N.  65°  E. 
and  dip  N.  78°. 

Bock  262.  Small  specimen  showing  261  in  contact  with  the 
gneiss. 

Back  from  the  shore  thirty  feet  and  across  the  strike  of  the 
formation  and  back  of  the  mass  of  gneiss  (Bock  259)  occurs  an 
intercalation  of  micaceous  hornblende  schist  as  below. 
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Roek  263.     Mivaceous  bornbleDde  scbist.  , 

HALTM2.  S.  W.  i,  N.  W.  1,  S.  22,  T.  6i-ll.  Syenitic 
gueiBS  and  cblorite  as  at  Halt  640. 

SALTQ^.  8.  W.  },  N.  W.  i,  S.  42,  T.  6411.  Gneiss  con- 
taining considerable  chlorite  and  weatbering  green.  The  longer 
axes  of  the  dark  minerals  uli  lie  in  one  direction.  Tbe  forma- 
tion is  intersected  by  quartz  veins  and  granulyte  veins  —  also 
contains  irregular  lumps  of  graimlyte.     Strike  N  80°  W. 

SALT  644.  S.  B.  k,  S.  22,  T.  6411.  We  have  here  again 
micaceous  hornblende  schist  on  the  north  side,  and  syenitic 
gneiss  on  the  south.     The  contact  vhere  seen  is  abrupt. 

Bock  264.     Micaceons  bornbleude  schist  as  above. 

SALTMti.  9.  E.  i,  S.  W.  1,  8.  15,  T.  64-11.  Island.  Chiefly 
syenitic  gneiss,  but  it  contains  beds  of  hornblende  scbist.  Also 
veins  of  quartz  and  of  epidote. 

Itock  265.  Samples  in  -which  the  constituents  of  syenite  or 
hyposyenite  are  mixed  with  an  equivocal  dark  mineral  which  is 
a  condition  of  the  hornblende  (chlorite)  found  in  included  beds. 

Sxamining  further  these  curious  lithoiogical  conditions,  I 
find  the  main  rock  to  contain  little  or  no  qaartz  and  no  horn- 
blende. It  is  essentially  a  mixture  of  feldspar  and  chlorite, 
and  might  be  called  a  chlorite  hyposyenite  in  a  gneissic  state, 
but  it  should  have  a  distinct  name. 

It  is  impossible  to  break  the  rock  into  standard  specimen  form, 
but  I  preserved  twenty-five  or  more  specimens  in  the  ttest  shape 


Ruigeript.  A  rock  composed  essentially  of  chlorite  and  feld' 
spar,  with  a  variable  but  subordinate  quantity  of  qnartz,  is 
widely  distributed  along  the  national  boundary.  I  have  no 
doubt  that  it  has  been  in  a  rough  way  designated  as  syenite,  or 
even  as  granite,  since  it  is  simply  granitic  in  general  aspect.  It 
is  not,  however,  a  granular  rock,  and  appears  to  be  largely  com- 
posed of  matter  of  the  second  order  of  consolidation  (Fouqufi 
and  Michel-L6vy. )  It  has  been  fully  established,  however,  that 
the  chloritie  constituent  in  crystalline  rocks,  is  very  frequently  a 
transformation  product  from  augite  or  amphibole.  This  forma- 
tion may,  therefore,  have  once  been  a  diabase  or  diorite,  and 
this  opinion  is  favored  by  the  contiguoas  and  iuclnded  beds  of 
hornblende  scbist.  It  may  prove  that  the  feldspathic  eonstit- 
nent  is  monoclinic,  and  thus  the  formation  may  originally  have 
been  a  hyposyenite  as  at  first  suggested.  But  it  is  none  of  these 
now.     Chlorite  exists  in  place  of  amphibole  or  augite.     We  can 
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te  a  rock  iDmeralogically  for  what  it  has  been,  but  is 
f  composed  of  chlorite  aiid  feldspar  we  must  name 
.rd  to  its  actual  coostitutiou. 

,  a«cordiug  to  Oiimbel,  is  a  greenish  rock  containiog 
plagioclase  aud  a  subordinate  quantity  of  augite, 
ith  a  chloritic  constituent  and  some  titanic  iron. 
1  question  does  not  sensibly  deviate  to  a  very  ma- 
t  from  epidiorite — even  to  tlie  titanic  iron,  which, 
ed  at  this  Halt,  was  abundant  enough  in  the  imme- 
ty.  Still  the  predominance  of  amphibole  in  true 
s  a  divergence  of  some  moment;  and,  as  a  similar 
;ntly  contains  quartz  as  will  be  seen,  it  may  well  be 
letber  it  belong  to  the  same  group  of  geol<^ical 
itill  think,  therefore,  that  precision  of  language  re- 
ta  special  designation. 

;  rock  contains  quartz,  it'  approaches  the  constitution 
e,  and  such  a  rock  when  schistose,  is  the  "chlorite 
Bath.  The  rock  in  question  here  is  at  least  in  places 
tedded   and  might  perhaps  be  designated  chlorite- 

■vatioDS  show  a  wide  distribution  of  rocks  having  a 
stitution  as  follows: 

chlorite.  Snbordinat^ly  hornblende,  quartz,  men- 
c.     (Chlorite  hyposyenite  or  epidiorite). 

chlorite,  quartz.  Subordinately  hornblende,  biotite, 
rite  granite.     When  schistose,  chlorite  gneiss.) 

16.  S.  15,  T.  64.il.  Bock  with  the  chloritic  con- 
laced  to  a  minimum.  What  remaiiis  is  chiefly  feld- 
eh  I  detect  occasional  grains  of  quartz. 

Chlorite  gi-anite  —  specimen  of  above, 
part  of  the  outerop  consists  of  fine  hornblende-like 
/ery  heavy  and  not  characteristically  hornblende.     J 
>nsi3t«  of  hornblende,  menaccanite  and  a  feldspar. 

Menaccanitic  hornblende  schist. 
lation  contains  large  lumps  of  co:vrse  giaoulite  and 
z  veins.     The  bedding  is  much  plicated,  but  there  is 
ancovered  to  ascertain  the  strike.     In  another  place 
IS  a  fine  gneissic  aspect,  with  strike  S^.  30°  E.  and 

17.  N.  W.  i,  S.  23,  T.  64-11.  Rock  fine  crystalline 
sh  schist.  It  at  first  glance  appears  like  a  horn- 
it  or  hornblende  rock.     Some  snr^ces  appear  to  con- 
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taiii  biotiCe.  I  see  no  qaartz.  There  is  a  email  amount  of  a 
feldspathlc  matrix.  The  dark-greenisli  mineral  I  suspect  to  be 
essentially  chlorite  or  augrte. 

Rock  268.     Book  as  above. 

Immediately  contiguous  is  :v  gneissoid  rock  in  which  the 
dark  mineral  is  chlorite. 

Rock  269.     Chlorite  gneiss. 

SALT  6iS.  N.  E.  1,  N.  W.  !,  S.  23,  T.  64-11.  ayenitic 
gneiss  with  mach  chlorite, 

MALT  649.  S.  E.  i,  8.  W.  J,  S.  64-11.  Syenite  gneiss  with 
ohlorite. 

Icock  270.     Syenitie  gneiss  with  chlorite. 

EALT  650.  Near  centre  S.  14,  T.  64-11.  Island.  Eock  hav- 
ing the  appearance  of  a  conglomerate.  But  it  is  essentially  a 
syenitie  chloritic  gneiss  with  the  dark  mineral  represented  most- 
ly by  a  rusty  powder,  so  that  the  formation  is  in  a  crumbling 
state. 

This  very  probably  represents  the  final  transformation  of  a 
rock  primitively  amphibolic  or  angitic. 

HALT  651.  N.  R  1,  S.  14,  T.  6411.  Disintegrating,  sye- 
nitie gneiss,  like  last.  Like  the  last  it  shows  a  rudely  bedded 
structure  in  horizontal  planes. 

HALT  652.  Near  centre  S.  14,  T.  64-11.  A  schist  which  is 
perhaps  a  graywacke,  though  it  much  resembles  the  rock  at  Halt 
647.  It  has  more  of  the  feldspathic  gronndmass.  This  holds 
thin  scales  which  impart  a  waxy  translucency.  In  some  parts 
of  the  outcrop  the  feldspar  is  accumulated  in  small  granules. 
In  other  parts  the  feldspar  is  wanting,  and  the  dark  green  min- 
ej-al  occurs  in  crowded  folia  which  are  inelastic,  and  some  of  them 
are  silvery  in  lustre.     I  take  all  these  for  chlorite. 

Rock  271.   '  Chlorite  schist  last  mentioned. 

In  immediate  connection  with  these  rocks  I  find  regular  chlor- 
ite gneiss,  in  which  are  included  masses  of  the  graywacke  schist 
in  which  the  feldspar  exists  in  distinct  granules. 

HALT  653.  S.  W.  \,  9.  12,  T.  64-11.  Botten  ch I oro -syenitie 
gneiss. 

HALT  654.  S.  12,  T.  6411.  Syenitie  gneiss  with  chlorite, 
compact. 

Rock  272.     Chloro-syenitie  gneiss. 

HALT  665.  N.  W."  1,  S.  W.  J,  S.  12,  T.  64-11.  Very  fine 
fibrous  micaceous  hornblende  schist,  of  dark  color.  If  still  finer 
it  would  be  argillitic 
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Mi caceo -hornblende  schist, 
ii-bedded  with  various  other  forms  of  bedded  rocks: 
I,  graywacke  schist,  and  chloro-syenitic  gneiss. 
'  E.  Dip  70°.  I  note  one  chlorite  bed  8  or  10  feet 
ben  broken  it  appears  as  if  kneaded  together  with 
lie  nature  of  the  gravel  can  not  be  seen.  The  speci- 
high. 

Gravelly  chlorite  rock  as  above, 
rtz  and  grannlitio  veins  traverse  the  formation  — 
uteri  am  inated  layers  of  qnartz. 
J.  S.  E.  J,  S.  W.  1,  8.  12,  T.  64-H.  Mica  schist, 
eristic,  very  fine,  thin  laminated,  in  part  slaty  and 
pact,  much  intersected  by  qaartz  veins,  and  with 
id  larainie  and  lumps  of  quartz.    Strike  If.  43°  E. 

Mica  schist  as  above. 

. .  S.  E.  ^,  a  W.  i,  S.  1,  T.  6411.  Syenite  with  red 
lit  the  dark  mineral  is  chloritic  Contains  altKi  a 
ir  in  small  quantity. 

Sec.  1,  T.  64-1],     Syenite  with  red  feldspar. 
I,     Near  centre  S.  6,  T.  64-10,     Hornblende  schist 
Y  syenite. 

.  N.  W.  i,  S,  6,  T.  64-10.  Mica  schist  fine,  thin- 
Iding  much  warped.  Strike  N.  40°  B.  Dip  75°  9. 
.  N.  W.  i,  S.  6,  T,  64-10,  Chlorite  schist  with 
e  that  interbedded  at  Halt  655;  bnt  here  the  gran- 
lying  and  the  weathered  surface  is  covered  with 

.     N,   W.   J,  S.  6,  T.  64-10.     Entrance  to  straits. 

I  white  feldspar  and  a  dark  mineral  fringed  with 

in. 

.     N,  E.  ),  8.  6,  T.  64-10.     Compact  syenite. 

,     N.   E.   i,  S.  6,  T.  64-10.     Syenite— usually  so- 

le  dark  mineral  is  chloritic. 

.     N,  E.   i,  S.  6,  T,  64-10,     Syenite  with  red  feld- 

.     S.  W.  1,  S,  31.  T.  6510.    Dioryte.    Large  fibrous 
>rnblende  imbedded  in  a  matrix  consisting  of  small 
te  and  pale  green  feldspar. 
Dioryte  as  above. 
;,     S.    W,   i,  S,   31.   T.  65-10,     Syenitie  gneiss  of 
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MALT  667.  S.  W.  *,  S.  31,  T.  65  10.  Syeaitio  gneiss,  very 
distinctly  bedded,  including  great  masaes  of  coai'se  chloritic 
syenite  gneiss. 

I  followed  a  cootinaons  outcrop  aronnd  the  cape  for  twenty  or 
thirty  rods,  interested  by  appearances  of  greatly  diminished 
dip.  The  formation  embraces  qaite  a  succession  of  rocks: 
syenitic  gneiss,  chloritic  gnei&s,  mica  schist,  hornUende  schist, 
dioryte  schist,  and  th^se  in  various  stiites  all  warped  in  common 
or  singly,  and  much  disturbed  by  numerofts  veins  of  granulyte 
and  quartz  which  intersect  the  other  rocks  in  all  directions. 

The  dip  is  exposed  quit*  extensively,  and  varies  from  10°  to 
40°  north  of  east  to  nearly  east. 

HALT  668.  K  E.  J,  S.  E.  i.  3.  36,  T.  65-11.  Gneiss  of  various, 
qualities,  ioterbedded  with  diorite  scliist,  and  crossed  by  many 
veiiis  of  coarse  granulite  and  of  quartz.  Strike  N.  88°  W.  Dip 
N.  85°. 

Some  fifteen  rods  south,  the  strike  is  K.  88"  E. 

The  dark  mineral  in  this  formation  is  mostly  a  bright,  sharply 
outlined  hornblende. 

SALT  669.  N.  W.  i,  8.  W.  i,  S.  31,  T.  65-10.  Syenite  with 
red  feldspar — considerably  broken  up  and  irregular,  but  an 
enormous  outcrop.  The  same  continues  along  this  shore  to  the 
narrows. 

HALT  670.  At  the  narrows.  Syenitic  gneiss  very  massive 
and  compact,  with  an  abundance  of  red  feldspar,  causing  the 
outcrop  to  appear  distinctly  red  at  a  distance.  That  this  is 
gneiss  is  shown  by  the  position  of  the  elongated  dark  mineral, 
by  the  intercalation  of  beds  of  hornblende  schist,  and  by  the 
genei*!!  lack  of  uniformity  in  the  iispects  of  the  outcrop. 

KALT  671.  8.  E.  J,  S.  K  i,  S.  30,  T.  66-10.  Syenitic  gneiss, 
medium  texture  with  red  feldspar. 

HALT  672.  N.  E.  J,  S.  E.  1,  S.  3,  T.  65-10.  Syenitic  gneiss. 
Texture  varying  from  coarse  to  fine  —  some  large  orthoeliise 
crystals.  The  bedding  planes  are  distinct  and  in  places  some- 
what crowded  together.     Strike  N.  60°  E.     Dip  85°  N.  W. 

HALT  673.*  N.  W.  J,  S.  29,  T.  65-10.  Syenitic  gneiss  with 
red  feldspar,  some  portions  containing  very  little  hornblende. 
There  are  intercalations  of  hornblende  schist,  and  even  of  mus- 
eovitic  hornblende  schist.  Some  beds  contain  iron  and  appear 
menaccanitic,  with  high  specific  gravity.  Strike  N.  60°  E.  Dip 
vertical. 

Roek  277.    Menaccanitic  schist. 
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.  W.  i,  S.  29,  T.  65-10.  Syenitao 
kl,  with  many  intercalatioDS  of  mica- 
T.  50'  E.  Dip  vertical.  The  gaels- 
iced  in  large  masses  aroaad  which 

W.  i,  8.  2,  T.  65-10.  Syenitic  gneiss 
which  beds  of  schist  are  both  inter- 

;.  W.  i,  S.  20,  T.  65-10.  Syenitic 
nd  Bomewbat  homogeneoos.     Strike 

;  rapids  or  falls  which  mark  the  end 
mndary.  If  I  have  my  position  cor- 
is  a  mile  east  of  the  narrowest  por- 
Tbe  sti-eam  descends  about  26  feet 
I  presents  an  interesting  scene,  even 

and  rather  coarse.  The  qnartz  and 
bitiM.  The  dark  mineral  is  much 
defined.  Occasionally  it  is  mica — 
ortions  have  a  chloritic  look,  and 
ly  hornblende.  The  general  struct- 
litoid  rather  than  gneissoid.  Cer- 
:  would  not  be  possible  to  determine 

S.  2d,  T.  65-10.  Basswood  lake. 
schist.  The  gneiss  contains  little 
rublende  and  but  little  quartz.  The 
schist  occurs  as  fragments,  not^con- 

22,  T.  65-10.     West  side  of  the  great 

of  Arm  Y.    Bock  chloritic  and  seri  - 

plinters  with  a  waxy  translucence  — 

ering  rough  and  somewhat  craggy. 

jal. 

itic  schist  as  above.     . 

:!BOOKED   LAKE. 

eached  through  an  irregular  river 
by  a  succession  of  falls  and  rapids. 
]g  stream  is  abont  11  miles,  uiid  (he 
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length  of  Crooked  lake  about  18  miles.  The  shores  of  these 
vatei'8  are  generally  clothed  with  a  scant  forest  coDtaloing  Ncr- 
way  pities  of  moderate  growth,  some  white  pines,  and  many 
aspens  and  birches.  A  small  species  of  oak  is  not  nnknown. 
Many- shores  however  are  lined  by  massive  oatcrops  of  crystal- 
line rocks  essentially  syenitic  and  many  bald  knobs  of  syenite 
are  seen  rising  in  the  backgroand,  sometimes  glowing  with  a 
mddy  hue  imparted  by  an  abundance  of  red  feldspar  which  as- 
sumes its  striking  color  only  nR«r  weathering. 

SALT  678.  N.  E.  i,  N.  E.  i,  S.  -lit,  T.  6510.  Rapids  be- 
yond the  fells  ont  of  Basswood  lake.  Biotite  gneiss  very  well  de- 
fined. Contains  beds  in  which  the  materials  are  very  fine  and 
the  biotite  abundant,  the  rock  approaching  biotite  schist,  though 
the  quartz  is  inconspicuous.     Strike  N.  65°  B.     Dip  vertical. 

Some  portions  are  quite  coarse  and  almost  a  pure  granulyte. 

RALT  679.  Lower  end  of  rapids,  about  20  rods  from  Halt 
678.  The  rock  is  a  well-defined  syenitic  gneiss  with  a  littie  bio- 
tite.    It  tends  to  separate  into  horizontal  beds. 

O^  an  island  opposite  is  the  arrangement  of  rock  structure 
shown  in  the  following  figure: 


Ttprejenili.aTiit'leTtote.Tkt  prltic'ipoit.  ma.**   1«   gner«(ie.Tli< 
"KornWen'te    i/J  ti;e.r3uiJter«    urreniyi.   -in.     strca-Ks  .At  li.lv  "K. 
tK*  KorntUnJ:*      Is    e.*,<ie.«3ice.    vn,  pro^afdoti.. 

The  black  lines  and  shading  represent  hornblende.  The  prin- 
cipal mass  is  gneissic.  The  hornblende  is  everywhere  strewn  in 
streaks.     hXh,h  the  hornblende  is  excessive  in  proportion. 

The  diagram  covers  3  feet  by  4  feet. 
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hole  descent  of  these  rapids  is  about  25  feet  ia  the  space 

Is.     But  there  is  an  island  here,  and  s  poi-tion  of  the 

tscends  by  another  rapid  on  the  American  side. 

{uarter  of  a  mile  the  stream  rapidly  narrows  and  tnrns 

T  northward  through  a  gorge  about  30  or  40  feet  wide. 

er  is  swift  and  some  boulders  are  seen  in  the  bottom,  but 

id  the  canoe  safely,  and  on  the  I'eturn  were  able  to  pad- 

le  current. 

the  stream  turns  suddenly  westward,  and  in  a  quarter 

;  we  come  to  Rapids  No.  2  around  which  we  make  a  port 

le  American  side. 

'680.     N.  W.  1,  9.  19,  T.  65-10.     Upper  et(d  of  Rapids 

Syenitic  gneiss  distinctly  bedded.   Strike  N".  60°  E.  Dip 

rapids  are  a  quarter  of  a  mile  long,  and  the  total  descent 

estimate  at  59  feet. 

■■  681.     N.  W.  ^,  S.  19,  T.  65-11.     Lower  end  of  Rapids 

iToarse  biotite  gneiss,  with  little  mica.     Strike  N,  50°  E. 

ical.     Parts  of  it  weathering  very  rough. 

'  682.  N.  E.  i,  N.  E.  1,  S.  24,T.65-11.  At  rapids  No.  3.  A 

[|  pass  over  these  rapids.     The  rock  exposure  is  biotite 

Some  parts,  however,  are  very  coarse  and  contain  mus- 

'  683.  N.  E.  1,  S.  24,  T.  6511.  At  rupidsKo.  4.  These 
■e  in  two  steps  extending  a  quarter  of  a  mile  and  de- 

about  10  feet  in  all.  Rock  distinctly  gneissic,  but  with 
ng  beds  of  schist  throughout.  The  dark  mineral  in  the 
md  the  schistic  beds  ia  probably  muscovite,  since  it  is 
ark  bronzy,  though  portions  are  nearly  black.  Strike 
,     Dip  vertical.     The  following  view  was  taken  while 

on  shore; 
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■if  2£a^  68$,  on^tke.'heu.ttjjt.r^  ielatV^a^SWHa'^X. 

The  dark  baods  represent  schists,  the  light  spaces  between  are 
gneiss. 

Most  of  the  rock,  however,  in  this  vicinity,  for  30  rods,  I  find 
to  be  either  a  coarse  grannlyte  with  an  excess  of  red  orthoclase, 
or  a  syenitic  gneiss  with  a  little  obscure  hornblende. 

.  BAJ.T  684.  N.  W.  i,  S.  E.  J,  S.  24,  T.  65-11.  Rapids  No.  5. 
Gneiss  with  the  dark  mineral  obscure,  bnt  iuterbedded  with 
biotite  gneiss. 

MALT  685.  K.  B.  J,  K.  W.  i,  S.  24,  T.  65-11.  Massive  gneiss 
with  very  little  of  a  dark  mineral. 
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■  MALTG86.  CeQtreS.W.  i,  S.  13,  T.  65-11.  Syenitic  gneiss  with 
very  littAe  and  very  obscure  hornblende.  Interbedded  with  beds 
of  biotite  schist  15  feet  wide  and  ander.  These,  however,  as  I 
ascertain,  are  not  continuous  strata,  but  apparently  enormous 
chunks  of  a  formation  solidified  and  broken  into  fragments  and 
plunged  into  a  mass  of  plastic  gneiss  material. 

SALT  687.  N.  W.  1,  9.  13,  T.  66  11.  Syenitic  gneiss  with 
much  red  feldspar.  Enormous  outcrops  here  and  on  all  sides. 
The  rock  is  very  mas.5ive  and  the  bedding  planes  are  only  occa- 
sionally revealed.  The  dark  mineral  exists  in  small  quantity 
and  is  only  obscurely  hornblende.  Strike  N.  40°  E.  Main  sys- 
tem of  joints  east  and  west. 

SALT  688.  Oa  the  line  between  sections  13  and  14,  T.  65-11. 
Bapids  No.  6.  Here  are  the  most  furious  rapids  yet  seen.  The 
descent  I  estimate  at  25  feet  and  the  length  of  the  rapids  at  a 
quarter  of  a  mile.  The  stream  is  narrowed  in  places  to  20  feet. 
A  high  bluff  rises  on  the  south  and  a  ridge  on  the  north.  The 
pressure  of  the  ice  gorge  here  must  be  enormous.  Accordingly, 
something  like  a  lateral  moraine  borders  the  stream  on  the  north 
side.  It  consists  of  rounded  granitic  debris  appearing  like 
boulders,  many  of  them  4  to  6  feet  iu  diameter  piled  in  a  rude 
wall  6  to  12  feet  high. 

The  rock  here  is  a  syenite  composed  mostly  of  quartz  and  red 
feldspar;  and  part  also  a  granite  composed  of  qnart^,  white  feld- 
spar and  a  lustrous  silvery  mica.  As  I  do  not  discover  any  bed- 
ding planes  (though  my  opportunity  for  observation  is  limited) 
I  set  this  formation  down  as  syenite  and  granite.  But  it  is  my 
profound  conviction  that  its  history  has  differed  little  from  that 
of  the  recognized  gneisses;  and  with  adequate  opportunity  for  in- 
vestigation, I  could  probably  discover  bedding  planes. 

Bock  278.     Muscovite  granite  (silvery  mica). 

SALT  689.  N.  E.  t,  S.  E.  i,  S.  14,  T.  65-11.  Syenitie  gneiss 
distinctly  bedded. 

SALT  690.  y.  W.  J,  S.  B.  i,  S.  14,  T.  6511.  Gneiss,  but 
thoroughly  interbedded  and  kneaded  with  mica  schist  and  horn- 
blende schist.     Strike  N.  55"  E. 

SALT  691.  8.  W.  i,  S.  W.  i,  S.  14,  T.  65-11.  Eapids  No.  7. 
Amasaof  gneiss  remarkably  belted  with  sundrygrades  of  coarse- 
ness and  constituent  proportions,  and  sundry  schists.  The 
schists  in  places  occupy  about  half  the  moss.  On  the  whole^ 
however,  I  think  one  sixth  of  the  mass  would  be  an  approximate 
statement-.     The  warping  and  wrapping  are  very  remarkable  — 
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both  of  the  gneiss  around  the  Weeks  of  schist  and  of  the  sdiiat 
around  lamps  of  gneiss. 

The  rapids  are  very  impressive  and  powerful,  and  the  vast 
blocks  of  the  formation  which  have  been  di^oined  and  thrown 
on  side  and  weathered  for  ages  render  this  spot  an  exceedingly 
instructive  one. 

RALT  692.  N.  W.  i,  g.  14,  T.  65-11.  Gneiss  and  schists  in- 
termixed as  usual,  but  lees  of  the  schists. 

HALT  693.  Centre  S.  "W.  i,  S.  11,  T.  65-11.  Gneiss  and 
schists  elaborately  interbanded.  Mica  schist  here  has  little  feld- 
spar and  is  friable  with  much  quartz. 

SALT  694.  Centre  9.  11,  T.  65-11.  Painted  Castle.  An 
enormons  promontory  75  feet  high,  which  presents  on  the  east 
a  vertical  wall  a  quarter  of  a  mile  long  and  50  or  60  feet  high.  It 
is  by  far  the  most  impressive  and  interesting  rock  view  which  I 
have  teen  in  Minneeota.  The  la^ade  of  this  vast  castle-like 
strnctiire  is  broken  into  towers  and  wings,  overhanging  outlooks 
and  recessed  porticoes.  The  entire  ma*  is  distinctly  sohlatose, 
dnd  the  beds  stand  vertically.  The  arohitectaral  suggestions  are 
further  increased  by  the  vertical  striped  coloration  of  the 
soccessive  beds.  We  have  here  hornblendic  columns  almost 
black,  epidotic  columns  green,  red  feldspathic  columns  of  granu- 
lyte  and  gneiss  brilliantly  red;  other  columns  pink  and  gray, 
^tripes  of  orange  and  black  lichens  further  diversify  the  colora- 
tion. Not  to  describe  Airther,  I  venture  the  opinion  that  this 
spectacle  is  worthy  of  comparison  with  the  "Pictured  Bocks" 
of  Lake  Superior,  and  I  propose  to  name  it  the  Painted  Castle 
of  Minnesota. 

In  lithological  composition  it  reproduces  the  features  described 
in  the  foregoing  notes. 

Jiock  279.  Diallagic  dioryte  forming  one  of  the  beds  in  the 
Painted  Castle. 

HALT  695.  S.  W.  i,  N.  E.  i,  S.  2,  T.  65-11.  Gneiss  and 
schist  as  before. 

HALTG96.  N.  W.  1,  K  W.  i,  S.  2,  T.  65-11.  Gneiss  and 
schist  as  before. 

HALT  697.  N.  E.  },  8.  W.  !,,  S.  35,  T.  66-11.  Biotite  gneiss 
with  almost  a  complete  absence  of  schists.  Bedding  traceable. 
Strike  N.  51"  E. 

HALT  698.  N.  W.  i,  N.  W.  i,  S.  35,  T.  65-11.  Gneiss  with 
little  mica.     ISo  schists  and  no  conspicuous  bedding  lines. 

HALT  699  BT.  W.  1,  8.  W.  i,  8.  26,  T.  66-11.  Granite  so 
far  as  shown,  with  a  little  biotite. 
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SALT  699  bis.  N.  W.  (,  S.  E.  i,  S.  27,  T.  6611.  In  Canada. 
Biotite  granite  with  little  mica. 

RALT  700.  9.  E.  i,  N.  W.  i,  9.  27,  T.  66-11.  Gneias.  Has 
general  aspect  of  grannlyte,  bnt  bedding  planes  are  here  and' 
there  revealed.  Strike  If.  75°  E.  The  qaartz  is  smoky  and 
tends  to  give  the  rook  a  granitic  aspect  at  first  glance,  bat  the 
(biotite)  mica  is  in  small  qnantity. 

SALT  701.  9.  W.  i,  9.  E.  i,  9.  22,  T.  66-H.  Gneiss  with 
clear  qnartz  and  a  little  more  biotite  than  exists  at  the  last  three 
Halts.     The  rock  is  also  coarser. 

HALTn%  S.  B.  i,  8.  E.  i,  S.  22,  T.  66-11.  Biotite  gneiss 
nearly  granit«  for  solidity,  hot  still  showing  beds.  9trike  E. 
and  W. 

HALT  703.  N.  W.  i,  N.  E.  },  9.  22,  T.  66  11.  More  schists 
than  gneiss.  Even  the  biotite  gneiss  is  thin-bedded.  Here  are 
thick  beds  of  biotite  schist  and  ellipsoidal  Inmps  of  this  and 
other  rocks  all  stirred  together,  as  it  were,  in  a  common  stew. 
9trike  N.  70°  E.  ' 

SALT  704.  9.  W.  1,  S.  E.  1,  9.  15,  T.  66-11.  Schists  and 
gneiss  in  a  maze  of  confusion.  9trike  N".  88°  E.  Dip  N.  39°. 
The  gneiss  is  biotitlc  and  the  commonest  schist  is  biotitic.  The 
gneiss  is  in  beds  half  an  inch  thick  and  upwards  to  two  feet;  bat 
every  bed  is  rendered  uneven  or  contorted  by  the  inclasion  of 
splinters  and  chunks  of  schist. 

SALT  705.  K  "W.  \,  9.  W.  i,  S.  15,  T.  66-11.  A  great  mix- 
ture of  biotite  gneiss  and  biotite  schist  remarkably  twisted  to- 
gether.   The  general  appearance  of  one  spot  is  shown  below: 
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SALT  706.  a.  W.  t,  N.  E.  t,  S.  16,  T.  66-11.  Biotite  gneiea 
and  biotite  schist  interbedded  as  heretofore. 

SALT  729.  8.  E.  i,  S.  B.  i,  S.  16,  T.  66-11.  Gneiss  and 
schist  remarkably  von nd  together.     Strike  unascertainable. 

SALT  707.  a.  E.  i,  N.  E.  i,  9. 17,  T.  66-11.  Bagged,  schis- 
tic, wai-ped  in  coantless  directions,  gneiss  itself  schistic  Strike 
not  certainly  determinable,  bnt  in  one  place  the  beds  are  verti- 
cal, in  other  places  dip  in  snndry  directions. 

SALT  708.  Centre  S.  W.  1,  8.  17,  T.  66-11.  Biotite  gneiss 
qnite  massive,  but  with  intermpted  bands  of  biotite  schist  with 
feldspar.   Closely  contiguoas  are  found  bauds  of  biotite  schist. 

ifemoratidmn. —  Tower  blasts  are  heard  from  here,[^a  direct  dis- 
tance of  36  miles. 

.S-ALT  709.  N.  E.  1,  S.  E.  \,  S.  18,  T.  66-11.  Biotite  gneiss 
qaite  massive. 

SALT  710.  Near  centre  S.  18,  T.  66-11.  Biotite  gneiea  as 
above. 

HALT  711.  IT.  W.  \,  N.  W.  \,  S.  18,  T.  67-11.  Biotite  gneiss, 
interbedded  with  a  dark  syenite  containing  much  diallage,  some 
biotite  and  little  quartz,  also  other  beds  of  diallagic  dioryte  con- 
taiitiog  a  pale  green  feldspar. 

SALT  792.  S.  E.  \,  N.  "W.  i,  S.  13.  T.  66-11.  Biotite  gneiss 
mostly  coarse,  and  some  schists;  bnt  half  the  formation  is  com- 
posed of  a  dark  rock  consisting  of  black  lamellar  hornblende  and 
plagioclase,  also  some  biotite. 

Rock  280.     Dioryte  schist  as  above. 

Sock  281.     Dioryte  schist  from  Halt  711. 

SALT  713.  N.  "W.  i,  N.  W.  1,  S.  13,  T.  66-12.  Coarse  gran- 
nlyte  and  biotite  gneiss. 

SALT  714.  N.  W.  1,  S.  14,  T.  66-12.  Biotite  gneiss  inter- 
bedded with  schist,  either  biotitic  or  diallagic,  but  much  like 
Bock  280.     Dip  30°  S".  ' 

Bock  282.     Biotite  schist  (diallagicT) 

HALT  715.  N.  W.  \,  N.  E.  \,  fl.  15,  T.  66-12.  Island.  Bio- 
tite gneiss  very  compact  and  with  little  biotite. 

Bock  283.    Biotite  gneiss  as  above. 

SALT 71G.  N.  E.  t,  K  "W.  i,  S.  15,  T.  66-12.  Island.  Bio- 
tite gneiss  poor  in  mica.  Contains  large  angnlar  pieces  of  an 
ambiguous  rock  which  I  think  is  dioryte  schist. 

SALT  717.  N.  W.  i,  8.  E.  i,  8.  9,  T.  66-12.  Island.  Biotite 
gneiss  poor  in  mica,  very  compact,  mostly  coarse-grained.  No 
bedding  planes  can  be  certainly  determined.    Glacial  striee  south. 
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S.  W.  J,  N.  W.  i,  S.  9,  T.  66-12.     Biotite  gneiss 

medium  grain,  poor  in  mica,  like  that  at  Halt 
e  finer. 

N.  E.  i,  N.  E.  i,  8.  8,  T.  6e-l2.  Biotite  gneiss, 
)r  Bome  miles  back,  with  red  feldspar  and  a  little 

Exposed  on  the  hills  it  gives  them  a  bloody  hue. 

the  feldspar  increases  by  weathering. 
I>ed8  with  a  deep  red  feldspar,  very  little  quartz, 
hite  or  glassy  ftldspar,  and  an  olive-greenish  de- 
il,  which  on  the  weathered  surfkce,  disappears, 

IS. 

Decaying  gneiss  as  above, 

ikes  N.  60°  E.  with  a  dip  of  85°  S. 

y.  W.  J,  8.  E.  i,  S.  5,  T.  66-12.     Island.   Biotite 
Q  grain . 
Siotitc  gneiss. 

S.  E.  1,  X.  W.  },  8.  5,  T.  66-12.     Biotite  gneiss. 

Canadian   side,  opposite  N.  W.  k,  N.  E.  i,  S.  6, 
1  biotite  gneiss,  coarse  and  poor  in  mica. 
r  is  near  the  outlet  of  Crooked  lake. 

i^  15,       IttON   LAKE. 

located  on  the  national  boundary  west  Df  Crooked 
iierican  portion  lies  chiefly  in  T.  66-13,  having  a 
it  three  miles  and  an  equal  width.  Only  the  east- 
'as  explored,  but  as  far  as  visited   its  shores  are 

and  present  the  usual  baldness  and  barrenness 
gions. 

Falls  into  Iron  lake,  Canadian  side.  Bed  bi- 
This  formation  is  quite  massive,  scarcely  any  evi- 
ding  I)eiug  apparent;  but^ichens  cover  so  much  of 
;hat  one  can  not  be  certain  the  traces  of  bedded 
quite  absent. 

e  decidedly  impressive.  The  volume  of  water  is 
than  at  Fall  lake,  bnt  the  descent  I  think  about 

I  estimate  it  at  30  fe<!t.  Beyond  is  a  further  rapid 
B  feet,  and  moderate  rapids  continue  for  a  quarter 
g  the  gorge.     I  judge  the  whole  de.'^cent  is  not  less 
s  feet.     The  scene  ought  to  be  photographed. 
Bed  biotite  gneiss,  Halt  723. 

Americau  side  of  the  falls.  The  formation 
tble  bedding  with  strike  N.  62°  E. 
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HALT  726.  Canadian  side  near  foot  of  rapids.  Foi-matioa 
becomes  schistose  and  includes  beds  of  mica  schist.  On  a  second 
visit  my  attention  was  attracted  by  nomerous  fragments  of  a 
dlBtioctly  schistic  character,  lliongh  not  in  place  I  am  confi- 
dent they  ai'e  not  far  removed. 

Rock  288.     Biotite  miiscovite  schist. 

Bock  289,  '  Gneiss  distinctly  bedded.  From  a  fragment  at 
Halt  72S. 

On  the  portage  around  the  falls  on  the  Amencan  side,  I  saw  a 
fragment  eight  or  ten  feet  in  diameter  showing  similar  bedding. 

Rock  290.  Coarse  aggregatioa  of  qoartz,  feldspar  and  mus- 
covite.  This  is  from  a  fragmenli,  .hnt  I  saw  plenty  of  it  in  place 
afterward. 

Rock  291.  Muscovite  chlorite  gneiss.  From  a  fragment  three 
or  four  feet  long  and  three  inches  thick,  therefore  not  far  trans- 
ported, 

HALT  72H.  S.  E.  1,  S.  W.  i.  S.  6,  T.  66-12.  Biotite  gneiss. 
Strong  indications  of  bedding  with  strike  N,  80°  E. 

SALT  727.  a.  W,  1,  S,  W.  1,  S.  6,  T.  66-12.  Lofty  ridge  of 
gneiss,  the  bedding  planes  being  obscure.  To  the  sontheast  at 
the  distance  of  an  eighth  of  a  mile  lies  another  similar  ridge. 
The  dark  mineral  in  this  also  is  biotite  but  is  not  abundant. 

I  walked  over  this  ridge  and  found  only  obscure  evidences  o 
bedding — still  I  think  unequivocal.  One  of  the  specimens  pre- 
served (Rock  287)  shows  this. 

Rock  287.     Biotite  gneiss, 

HALT  728.  N,  W.  1,  S.  W.  i,  S.  6,  T.  6612.  Island  lying 
mostly  in  T.  66-13.  Biotite  gneiss  quite  coarse,  occasional  crys- 
tals of  ortboclase  an  inch  on  aside,  mostly  much  less.  Biotite  is 
certainly  present  in  small  quantity  and  no  hornblende. 

The  result  of  observations  carried  west  to  the  border  of  range 
13,  and  north  over  the  bounds  of  Town  67,  is  to  show  that  no 
rock  answering  the  text-book  definition  of  granite  occurs.  All 
the  granitoid  rocks  are  essentially  bedded. 

§  16.      CAKP  LAKE. 

Carp  lake  is  separated  from  Basswood  by  ra.pids  flowing  into 
Baaswood.  The  portage  is  about  a  third  of  a  mile  long  and  lies 
on  the  east  of  the  rapids.  It  is  frequently  known  as  Prairie 
portage.  It  is  part  of  the  highway  between  the  east  and  west. 
Carp  lake  consists  of  two  portions,  one  of  which  is  rudely  cir- 
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»  on  the  boundary;  the  other  is  a  broad,  bent  arm, 
rst  southeast  into  American  territory  three-fourths 
ad  then  southwest  an  equal  distance.  The  northern 
in  a  basin  bounded  by  a  hard,  diabase- looking,  al- 
ly massive,  quartzo-feldspathico  aluminous  schists 
'e  heretofore  designated  graywacke.  The  southern 
ceavated  in  the  vertical  edges  of  sericitic  and  chlo- 

whose  trend  is  here  about  60"  east  of  north.  The 
southern  arm  of  the  lake  is  almost  exactly  northeast 
sst.  It  will  be  noticed  that  the  two  trends  are  not 
dent,  the  axis  of  the  lake  making  an  angle  of  about 
i  strike  of  the  strata. 

I  here  employed  is  the  one  which  I  find  on  the  gov- 
its.  The  next  lake  to  the  east  is  named  Sucker  lake, 
t,  lying  mostly  in  Canada,  is  known  in  our  notes  as 
er  lake.  But  some  confusion  seems  to  exist.  On  a 
led  In  1884  by  the  Department  of  the  Interior  of  the 
>f  Canada,  the  lake  here  called  Carp  is  nameless; 
ast  is  called  Birch  lake,  and  the  third  is  set  down 
[f  the  first  is  properly  known  as  Carp,  it  will  be 
id  a  duplication,  and  for  the  same  reason,  the  well- 
le  of  Birch  lake  in  Town  61-11  and  12  should  take 

of  this  Canadian  lake  in  the  application  of  the 

•3.  S.  \V.  ],  S.  \V.  1,  S.  1,  T.  64-9.  Graywacke 
Juiug  some  chloritic  material. 

i4.  Entrance  to  Carp  lake.  Canadian  side.  Gray- 
it  like  the  last. 

w.  S.  W.  1,  S.  \V.  i,S.  1,  T.  64-9.  Graywacke  schist. 
>6.  8.  E.  1,  S.  W.  1,  S.  1,  T.  64-9.  Gray wacke  schist 
liining  points,  as  if  the  formation  were  becoming  mi- 
perhaps  sericitic.  Veins  of  quartz. 
>7.  N.  W.  1,  N.  E.  i,  S  12,  T.  64-9.  Sericitic  schist 
nated  and  shining,  but  with  considerable  silica  aud 
z  veins,  but  much  more  qaartz  in  segregated  lenticu- 

Strike  N.  76°  E.     Dip  about  vertical. 
>8.     IS.  W.  i,  N.  E.  \,  S.  12,  T.  64-9.     Chloritic  schist 
vertical. 

>9.  N.  W.  i,  N.  B.  },  S.  12,  T.  64-9.  Argillite,  dis- 
y,  a  little  sericitic.     Strike  X.  60°  B.     Dip  verti- 

Argillite.     Two  specimens  from  Halt  459, 
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SALT  i60.     S.  W.  i,  K.  B.  1,  S.   32,  T. 
citic  schist,  broirn,  not  very  Bmooth,  soft, 
vertical  or  N.  85°. 
'  HALT i61.     Near  centre  8.  12,  T.  64-S 
schist  —  slaty  to  maaaive.     Strike  N  60°  B. 

Rock  192.    ArgillitJc  sericitie  schist. 

HALT  462.  At  mouth  of  stream  from  5 
citic  argillite,  slaty,  vertical. 

Bapids  occnr  at  the  mouth  of  this  stteam 
qnired. 

HALT 612.  9.  E.  t,  S.  E.  i,  8.  1,  T.  64- 
slaty.    Strike  If.  50=  E.    Dip  S.  80. 

HALTQ13.  N.  E.  i,  S.  W.  1,  S.  1,  T.  6 
with  mauy  coarsely  granular  quartz  reins, 
terminable. 

HALTQ29.  N.  W.  i,  S.  W.  \,  8.  1,  T.  fi 
ly  altered,  chloritic  schist.  Intersected  by 
material  fiae  and  hard  aud  appearing  to  co 
blendic  or  augitic  matrix  in  which  are  en 
reddish  petrosilex. .  Strike  S",  44°  E.     Dij 

Rock  251.    Sample  of  above  dikes. 

Immediately  contiguous  to  this  ou  the 
schist  which  weathei's  green. 

§  17.       NEWFOXIND  LAKI 

This  is  a  narrow  lake  separated  by  a  bi 
southern  extremity  of  Carp  lake.  Its  mai 
and  southwest.  It  has  a  length  of  nearly  tl 
breadth  of  about  a  third  of  a  mile.  It  occ 
II,  12  aud  14  of  T.  64-9.  Its  shores  presec 
of  forest,  bnt  with  some  abundance  of  sa 
north -northwest  shore  supplies  the  greatee 
and  these  are  mostly  Norways.  The  soutb 
few  rocky  outcrops-  The  surface  is  generi 
deposit  of  drift.  The  uorthwest  side,  how 
cession  of  vertical  clifi^  of  sericitie  and  ai 
have  a  general  trend  making  an  augle  of  al 
the  axis  of  the  lake. 

SALT iOS.  N.  W.  i,  S.  W.  1,  S.  12,  T. 
lite  in  high  clitT  four  rods  back  from  shore  ■ 

Rock  193.  Sericitie  argillite  from  Halt '. 
16 
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ffALTiGi.  S.  W.  i,  S.  W.  1,  S.  12,' T.  649.  Serioi  tic  argil - 
Ute  very  slaty,  vertical. 

HALT  4Q5.  S.  E.  cor.  S.  11,  T.  64-9.  Island.  Serieitic  ar- 
gillite,  smooth,  drab,  vertical. 

HALT  466.  N.  W.  1,  K.  E.  j,  S.  14,  T.  64-9.  Island.  Argil- 
litic  serieitic  schist. 

Rock  194,     Ai^llitic  serieitic  schist. 

HALT467.  S.  W.  },  S.  E.  \,  S.  11,  T.  64-9.  Island,  aerieitic 
felsitie  schist,  weathering  with  a  rough  conglomeritic  aspect, 
exposing  many  small  feldspathic  knobs  and  winding  films  of 
chloritic  matter. 

HALT ^8.  ]S'.  E.  J,  S.\V.  J,  S  11,  T.  64  9.  Graywacke  schist 
in  a  high  ronnded  outcrop. 

Sock  195.     Gray  wa«ke  schist  as  above. 

HALT  469.  N.  E.  i,  ?f.  E.  i,  S.  15,  T.  64-9.  Gray wackeni tic 
serieitic  schist. 

HALTilO.     X.  E.  ],  3.  W.  i,  S.  15,  T.  64-9.   Chloritic  serieit- 
ic schist,  soft,  with  finely  wavy  fractm-e. 
.     Rock  196.     Chloritic  serieitic  schist, 

HALT  471.  K.  E.  J.  S.  W.  1,  S.  15,  T.  64-9.  Serieitic  schists, 
soft,  vertical.     Strike  N.  60°  E. 

NALT 472.  N.  E.  +,  N.  W.  i,  S.  22,  T.  64-9.  At  portage  to 
Moose  lake.     Chloritic  schist,  compact,  with  diabasic  aspect. 

HALTGW.  8.  W.  1,  S.  E.  1,  S.  12,  T.  64.9.  Newfound  lake. 
Argillite.     Dip  vertical. 

HALT  611.  a  E.  J,  S.  W.  I,  8.  12,  T.  64-9.  Argillite,  green- 
ish, thin,  slaty.   Dip  vertical. 

§   18.       SIOOSE  LAKE. 

Thisis  another  elongated  lake,  lying  almost  in  the  axis  of 
Newfound  lake,  but  making  a  slightly  larger  angle  with  the  me- 
ridian. Like  that,  its  basin  is  a  vertical  chasm  chiseled  out  of 
the  edges  of  the  upright  sheets  of  serieitic  and  argillitic  schists. 
These  schists  rise  in  wall-like  barriers  along  the  borders  of  the 
lake,  and  in  several  places  present  scenes  of  imposing  grandeur 
and  impressive  interest.  At  several  points  they  afford  smooth 
and  beautiful  slates  suitable  for  industrial  use.  The  lake  lies 
wholly  in  the  south  half  of  T,  64-9.  Prom  Snowbank  lake  it  is 
separiited  by  a  range  of  hills  which  appear  to  be  formed  chiefly 
of  a  recurrence  of  graywacke  tying  between  the  serieitic  schists 
and  a  southern  range  of  syenite. 
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SALT  473.  At  end  of  portage  from  Newfonnd  lake.  Argil- 
lite,  s  little  felsitjc,  alternating  iritli  a  cfaloritic,  somewhat  gray- 
wackeiiitic  Bchist.     Strike  IS  42°  E. 

HALT  474.  8.  W.  i,  N.  B.  i,  9.  22,  T.  64-9.  Chlorltlc  schist, 
soft  and  slaty. 

HALT  i75.  S.  E.  1,  S.  W.  i,-  S.  22,  T.  64-9.  Little  island. 
Hereisadike  of  apparently  diahase,  30  feet  wide,  bonnded  on 
both  sides  by  thin  bedded  serieitic  schists.  The  schists  are 
rather  soft,  with  quart.zose«iitercalations.  In  contact  with  the 
dike  the  schist  is  hardened. 

Rock  197.     Diabase  from  dike. 

Mock  198.    Serieitic  schist  from  actual  contact  with  dike. 

HALTilQ.  N.  W.  i,  S.  W.  i,  8.  22.  T.  64-9.  Compact,  chlo- 
ritic,  serieitic  schist,  rising  in  a  bluff  seventy  feet  high,  and  ex- 
tending along  shore  a  quarter  of  a  mile. 

HALT  478,  S.  E.  i,  N.  E,  i,  S.  21,  T.  64-9.  Chloritic,  ser- 
ieitic schist,  mostly  fine  and  massive,  partly  breaking  with  a 
fine,  wavy  fracture. 

HALTi79.  N.  W.  i,  S.  B.  1,  S.  21,  T.  64-9  Serieitic  schist, 
slaty,  bluish-gray,  weathering  bnfiTish.  A  grand,  enormous  ex- 
hibition in  a  cliff  fifty  feet  high  and  a  third  of  a  mile  long. 
Would  probably  be  snitable  for  roofing.  Can  be  split  into  lami- 
nae one-sisteenth  of  an  ioch  thick. 

Rock  199.     Serieitic  slate  as  above. 

I  saw  great  tables  weathered  out  ten  feet  square  —  instead  of 
disintegrating  into  chips,  like  the  similar  schist  abont  Long  and 
Fall  lakes. 

HALT  4S0.  'S.  "W.  k,  S.  W.  i,  S.  28,  T.  64-9.  Serieitic 
schist,  slaty,  dipping  S.  85°. 

HALT  iSl.  S.  E.  i,  S.  E.  1,  S.  29,  T.  64-9.  Chloritic  argil- 
ite. 

HALT  482.  S.  W.  1,  N.  W.  K  S.  31,  T.  64-9.  An  enormous 
cliff  of  empted  material  sixty  or  seventy  feet  high.  At  the  base, 
near  the  water,  some  of  it  at  least,  is  gabbro-like.  Part  way  np 
and  thence  to  the  top,  it  appears  like  a  diabase,  bnt  may  be  only 
a  finer  norite  (gabbro).     This  probably  is  a  great  dike. 

Rock  200.     Diabase  from  cliff  at  Halt  482. 

HALT  iSS.  N.  W.  i,  K.  E.  i,  S.  31,  T.  64-9.  Bnff  serieitic 
slate,  standing  vertical. 

.ff^LT484.  a.  B.  1,  S.  30,  T.  64-9.  Serieitic  schist,  thin,  slaty. 
Strike  N.  62°  E!     Dip  vertical. 

HALTi85.    N.  W.  i,  8.  W.  i,  8.  29,  T.  64-9.  Argillite,  beau- 
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tifiilly  slaty,  with  smooth  snr^es.  Parte  of  it  do  not  split 
easily.     Strike  N.  70"  B.     Dip  K.  85°. 

Eoek  201,     Argilllte. 

HALTiSe.  K  W.  i,  a.  W.  i,  S.  29,  T.  M-9.  Sericltic  schist, 
varped  irregularly,  rattier  hard,  brOToish. 

HALTiB7.  X.  E.  i,  S.  W.  I,  S.  29,  T.  64,  9.  Chloritic,  ser- 
icitic  schist,  greenish,  with  dark -greeo  surfaces  on  the  fracture, 
soft,  slaty,  but  with  occasional  siliciooslsminte.  Dip  vertical. 
Large  exposure.  « 

Soek  202.     Chloritic,  sericitic  schist. 

I  was  greatly  perplexed  to  find  a  portage  from  this  lake  to 
Snowbank.  This  is  partly  doe  to  the  fact  that  only  a  faint  trail 
exists,  bat  more  largely  to  the  execrable  condition  of  the  gov- 
ernment plate  and  the  government  survey.  I  found  the  large 
island  on  the  east  side,  on  the  line  between  sees.  2S  and  29, 
joined  to  the  main  land.  I  found  many  other  errors  in  the  plat. 
But  more  vexatious  still,  is  the  total  absence  of  meander  stakes, 
or  if  present  occasionally,  a  perfectly  illegible  scrawl  for  a 
record. 

S  19.     SNOWBANK  LAKE. 

Snowbank  lake  is  about  five  miles  long,  and  the  main  body  of 
it  is  two  and  a  quarter  broad.  The  southern  half  of  ite  outline 
is  deeply  indented  by  many  irregnlar  capes  and  peninsulas,  and 
the  surface  of  that  part  is  much  broken  by  islands,  one  of  which 
is  a  mile  in  length.     The  lake  lies  in  towns  64-8  and  9  and  63-9. 

Snowbank  lake  has  apparently  been  little  frequented.  Trails 
to  and  from  it  are  verj-  obscure  and  difficult.  Much  of  the  lake 
Is  shallow,  and  dangerous  shoals  and  reefs  are  frequent.  Many 
rock  fragments,  also,  rise  abruptly  to  and  near  the  surface,  in 
places  where  the  water  is  generally  deep.  The  dangers  of  canoe- 
ing are  apt  to  be  much  increased  by  the  prevalence  of  high 
winds,  which  sweep  over  the  broad  expanse  of  surface. 

One  can  not  enter  this  hydrographic  basin  without  feeling  im- 
pressed by  its  peculiar  physical  aspecte.  Compared  with  Burnt- 
side  and  Vermilion  lakes,  it  has  a  distinctly  more  northern  ex- 
pression. Here  is  a  marked  diminution  of  pines,  and  a  corre- 
sponding increa^  of  white  cedars  and  spruces.  As  along  the 
northern  shores  of  Lake  Huron,  the  cedars  fringe  the  lake  and 
overhang  the  water  in  a  somewhat  continuous  barrier.  The 
long,  beard-Uke  lichen,  Uaiea  barbaia,  hangs  from  the  stunted 
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branches  of  the  firs,  and  a  growth  of  ancient  moaeee  oovere  the 
sar&ce  of  the  earth  with'  a  deep  and  scarcely  interrapted 
■cushion.  Here  is -a  primeval  condition  of  the  wilderness.  No 
firea  have  swept  over  the  country.  The  geologist  is  compelled 
to  camp  nightly  in  the  midst  of  the  forest,  and  make  his  bed  on 
a  growth  of  damp  mosses.  The  mos^  bed  is  often  a  foot  or  two 
deep,  bttt  it  is  damp,  and  the  underlying  sharp  fragments  of  sy- 
enite project  upwards  with  very  nncomfortable  inequalities. 

There  are  other  contrasts  with  the  lakes  further  west.  The 
crowB  have  disappeared,  and  the  white-throated  sparrow,  so- 
called,  is  no  longer  heard,  nor  the  feeble-voiced  robin.  But 
great  gulls  soar  in  considerable  numbers  overhead,  and  the 
great  northern  loon  screams  with  voice  stai-tliugly  loud  and 
shrill.  Fishes  appear  to  be  scarce,  for  we  did  not  succeed  in 
taking  a  single  specimen  with  the  hook. 

The  lake  is  bound  in  amasslve  rim  of  crystalline  rocks.  These 
are  prevalently  syenitic,  but  near  the  eastern  extremity  they 
become  graywackenitic,  hard,  badly  bedded,  and  decidedly  dia- 
basic  in  external  aspect.  Part  of  the  northwestern  shore  was 
not  visited;  but  it  may  safely  be  set  down  as  syenitic. 

SALT  488.  N.  E.  i,  S.  W.  t.  8.  28,  T.  64-9.  On  the  Portage 
from  Moose  to  Flask  lake.  Abundant  fragments  indicate  the 
presence  of  a  dike  of  norite  in  this  ridge. 

SALT  489.  N.  W.  i,  S.  E.  i,  S.  28,  T.  64-9.  Chloritic  dia- 
basic  schist,  compact,  greenish,  with  a  base  somewhat  felsitic, 
and  containing  undefined  grains  of  lighter  feldspar. 

SALTWi.  N.  E.  \,  S.  E.  1,  S'.  33,  T.  64-9.  Flask  lake. 
Compact,  graywackenitic  sericitic  schist,  weathering  rugged 
and  knotted,  as  often  seen  before. 

SALTi,9L  K  E,  \,  N.  E.  i,  8.  33,  T.  64-9.  Flask  lake.  Por- 
phyritic  diabase  of  dark  gray  color,  rather  aphanitic,  but  with 
black,  dissemiuEited  crystals  of  a  mineral  resembling  angite,  and 
of  a  light  pinkish  feldspar. 

Each  203.     Porphyritic  diabase.      •     , 

SALT  492.  N.  W.  \,  N.  W.  \,  8.  34,  T.  64-9.  Porphyritic 
diabase — same  as  Halt  491. 

SALT  493.  8.  W.  \,  8.  W.  \,  8.  27,  T.  64-9.  Diabase  with 
same  black  crystals,  but  no  feldspar  crystals. 

The  portage  to  Snowbank  lake  is  dif&cult  to  find.  It  is  half  a 
mile  from  the  nearest  point  to  Snowbank  lake. 

BALTAU.  S.  W.  1,  S.  W.  \,  S.  27,  T.  64-9.  Diabasel— re- 
sembling the  groundmass  of  that  occurring  at  Halts  491  and  492, 
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but  with  DO  dissemiaated  crystalB  either  of  aagite  or  feldspar. 
Supposing  this  coDtiauous  with  the  rock  at  Halt  191,  we  have  a 
mass  half  a  mile  wide.  I  presume  it  is  continuous,  for  there  is 
no  schist  seen  along  the  southeast  shore,  aud  the  diabase  out- 
crops almost  uninterruptedly.  If  such  a  dike  of  diabase  rose 
here,  there  must  have  been  a  yawning  chasm — one  might  per- 
hafta  say,  an  improbable  chasm.  Bnt  the  distance  indicated 
may  mark  the  longitudinal  extent.  If  so,  It  stands  in  general 
conformity  with  the  strike  of  the  schists. 

Bock  203.  Diabase  from  Halt  491.  I  find  this  rock  extremely 
hard. 

SALT  i95.  S.  K  1,  S.  W.  i,  S.  27,  T.  64-9.  On  portage 
from  Flask  to  Snowbank  lake.  Diabase,  very  hard  —  same  ap- 
parently, as  at  Halt  494. 

SALT  496.  N.  W.  i,  N.  E.  i,  S.  34,  T.  64-9.  End  of  portage. 
Diabase  t  a  large  boss,  character  quite  like  that  at  Halt  494,  at 
the  other  end. 

SALTi97.     N.  W.  i,  N.  E.  i,  S.  34,  T.  64-9.     Diabasel 

BALT  498.  S.  W.  \,  IS.  E.  1,  S.  34,  T.  64-9.  Porphyritic 
diabase  as  at  Halt  491. 

SALT  i99.  N.  W.  i,  8.  W.  1,  S.  35,  T.  64-9.  Syenite,  fine- 
grained, with  pal^  pinkish  feldspar  and  little  quartz. 

Sock  204.     Syenite  from  Halt  499. 

SALT  500.  S.  E.  i,  N.  W.  i.S.-35,  T.  64-9.  Syenite  with 
red  feldspar  and  compact  texture. 

Sock  205.     Syenite,  Halt  500. 

SALT  501.  N.  E.  i,  a.  B.  1,  8.  35,  T.  64-9.  Eeef.  Bed  syen- 
ite, rather  coarse. 

SALT  502.    S.  E.  J,  N.  E.  i,  S.  35,  T.  64-9.     Syenit*. 

SALT  503.  8.  W.  i,  N.  W.  i,  S.  36,  T.  64^9.  Syenite,  medi- 
um texture,  white  feldspar,  and  large,  conspicuous  and  veil-de- 
fined grains  of  black  hornblende. 

SALT&Oi.  N.  E.  i,  S.  W.  i,  S.  36,  T.  64-9.  Syenite  Uke 
last. 

SALT5Q5.  S.  W.  ^,K.V.  1,  S  1,  T.  63-9.  Syenite,  finer 
than  at  Halt  504,  with  a  little  larger  proportion  of  hornblende. 

SALT  506.  S.  E.  i,  N.  W.  i,  S.  1,  T.  63-9.  Island.  A  mass 
of  syenite. 

SALT  507.  S.E.  i,  8.  W.  i,  S.  1,  T.  63-9.  Syenitic  frag- 
ments cover  the  beach.     Ko  outcrop. 

Made  faithful  examination  of  the  creek  emptying  in  here, 
with  the  view  of  reaching  the  large  lakes  from  which  it  flows. 
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But  the  creek  was  impassable,  and  no  portage  could  be  foand 
though  ve  searched  carefully  both  sides.  From  our  failure  I 
gave  the  name  "  Dieappoiutment "  to  the  lai^er. 

SALT508.  N.  W.  i,  N.  E.  i,  S.  12,  T.  63-9.  Ou  the  creek, 
north  side.     Graywacke,  bat  uot  much  exposed. 

SALT  509.  H.  E.  i,  S.  W.  1,  S.  1,  T.  63-9.  Syenite  but  un- 
usually fine,  constituents  in  equal  proportioos. 

SALT  510.     Centre  S.  1,  T.  63-9.     Syenite  with  red  feldspar. 

SALT  511.     3.  ■'/V.  i,  S.  W.  i,  S.  31,  T.  64-8.     Syenite. 

SALT  512.  S.  W.  1,  S.  E.  i,  S.  31,  T.  64-8.  Syenite  with  red 
feldspar. 

SALT  513.  N".  B.  i,  S.  E.  i,  8.  31,  T.  64-8.  Syenite  rather 
coarse.  The  dark  mineral  is  gi-eenish  and  rather  dull;  but 
small  portions  of  it  are  a  clear,  glassy,  yellowish  green. 

Rock  206.    Syenite  with  greenish  hornblende. 

This  syenite  presents  a  horizontally-bedded  structure,  like 
that  seen  in  Basswood  lake,  but  the  beds  are  much  thicker. 
(Halt  440  et  seq). 

SALT5U.  S.  E.  t,  S.  E.  i,  S.  31,  T.  64-8.  Syenite  with  red 
feldspar. 

SALT  515.     S.  E.  1,  N.  E.  i,  S.  31,  T.  64-8.     Syenite. 

SALT  516.  8.  E.  i,  K.  E.  i,  S.  31,  T.  64-8.  Syenite  hori- 
zontally bedded. 

HALT  511.  TS.  E.  i,  K.  E.  i,  S.  31,  T.  64-8.  Syenite  like 
that  at  Halt  513. 

SALT  518.  S.  E.  cor.  S.  30,  T.  64-8.  Syenite,  fine,  with 
glistening  crystal  faces  of  glassy  feldspar. 

SALT  519.  S.  E.  1,  S.  E.  i,  8.  31,  T.  64-8.  Island.  Funda- 
mentally fine  syeuitic  gneiss;  but  in  places  it  is  iuterbedded  with 
fine  hornblende  schist.  A.  dike  of  diabase  18  Inches  wide  inter- 
sects the  mass  transversely.  The  bedding  here  is  inconspicuous. 
We  seem  to  have  syenite  in  progress  of  passage  to  hornblende 
schist.     In  streaks  I  find  also  some  muscovite. 

Rock  207.     Fiue  compact  gneiss. 

Rock  208.  Fine  compact  gneiss.  (I  surmise  one  of  these  is 
diabase  like.) 

Rock  209.     Interbedded  gneiss  and  hornblende  schist. 

SALT  520.  N.  W.  i,  S.  W.  1,  S.  29,  T.  64-8.  Syenite  like 
that  of  Halts  513,  517. 

SALT  521.  K.  W.  k,  8.  W.  i,  S.  29,  T.  64  8.  Fine  syenite 
gneiss    interbedded  with  fine,  compact,   graywaeke  hornblende 
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schist.  Similar  outcrops  were  seen  aloog  the  shore,  but  the  wa- 
ter was  too  rough  to  land. 

SALT  52%  K.  W.  1,  8.  W.  i,  S.  29,  T.  64-8.  Very  finely 
granular  graywacke  schist.  There  are  shining  particles,  hut 
they  do  not  appear  to  be  mica  or  hornblende.  Still,  some  scales 
of  muflcovit*!  are  recognizable,  and  I  have  a  suspicion  that  the 
rock  is  incipient  mica  schist. 

Rock  210.     GraywBckenitic  mica  schist. 

The  rock  is  unmistakably  bedded,  and  is  intersti-atified  with 
syenitic  gneiss,  muscovite  gneiss  and  mnscovite  schist,  with  some 
feldspar.     Some  of  the  muscovite  gneiss  is  quite  coarse. 

SALT  523.  S.  E.  J.  N.  W;  i,  S.  29,  T.  64-8.  Fundamentally 
as  at  Halt  522.  Some  mica  is  disseminated,  and  some  beds  are 
typical  mic^  schist.  Obscure  veins  intersect  the  formation,  and 
stand  salient  on  weathered  suriaces.  This  is  again  the  eo-ealled 
"sewed-up  rock."     Strike  appears  to  be  K.  28"  E. 

Soek211.  Graywackenitic  mica  schist  with  distinct  mica  on 
one  aide. 

Bock  212.     Mica  schist  from  close  proximity  with  Eock  211. 

SALT  52i.  Near  centre  of  S.  29,  T.  64-8.  Syenite  with  red 
feldspar. 

SALT  &25.  N.  E.  i,  S.  W.  i,  S.  29,^  T.  64-8-  Syenite,  fine, 
with  deep  red  feldspar. 

Rock  213.    Syenite  as  above. 

SALT  ^2Q.  S.  E.  i,  N.  W.  i,  S.  29,  T.  64-8.  Syenite  — two 
sorts — one,  medinm  texture  with  excess  of  hornblende  disposed 
in  rude  layers  and  forming  a  gneiss;  the  other,  very  coatse,  hav- 
ing crystals  of  bluish  feldspar  three-fourths  of  an  inch  long. 

Rock  214.     Gneiss. 

Rock  215,     Very  coarse  syenite. 

SALT  527.  8.  E.  i,  N".  W.  1,  S.  29,  T.  64-8.  A  distinctly 
schistose  rock,  very  compact,  of  that  nondescript  kind  which  I 
have  denominated  graywackenitic  mica  schist — same  as  Halt 
522. 

HALT  528.  N.  B.  I,  N.  E.  i,  S.  29,  T.  64-8.  Schist  very  dis- 
tinct—  weathering  a  little  greenish,  but  of  a  nondescript  char- 
acter, like  the  rock  at  Halt  527.  There  is,  in  addition,  a  diffu- 
sion of  a  little  chloritic  matter.  The  wrinkled  and  rough  con- 
dition of  the  weathered  surface  also  implies  this.  It  contains 
beds  of  syenitic  gneiss.    Strike  K".  11°  E.    Dip  N.  80°. 

In  parts,  the  chloritic  matter  Is  conspicuous. 

Rock  216.     Graywackenitic,  chloritic  schist.  Halt  528. 
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HALT  529.  S.  W.  i,  S.  B.  1,  S.  20,  T.  64-8.  Appeals  like  the 
graywackeDitic  nii<!a  schist  in  aDexceediDglyfioestate.  Itisdark 
gray  aud  hits  the  aspect  of  argillite  aot  fully  developed.  Strike 
seems  to  be  N.  20°  W.     Dip  N.  75°. 

There  i&  some  mica  schist. 

Sock  217.     Mica  schist  very  fine,  from  Halt  529. 

SALT  530.  N.  E.  1,  S.  W.  1,  S.  20.  T.  64-8.  Chloritic  seri- 
citic  schist.     Strike  N.  31°  W.     Dip  N.  80°. 

SALT  531.  N.  E.  1,  S.  W.  i,  S.  20,  T.  64-8.  Fine,  eompafit., 
chloritic,  felsitic  schist,  varying  from  bed  to  bed  —  distinctly 
stratified  but  very  solid. 

Nearer  the  water  thesurt'aceisperforatedbythousandsof  little 
circular  holes  one-sixteenth  of  an  inch  in  diameter  and  very  uni- 
form. They  are  mostly  arranged  in  linear  series  conformable 
with  lines  of  structure  in  the  rock,  but  running  in  all  directions 
in  the  different  regions.  Sometimes  they  appear  somewhat  as 
follows: 


>// 


-~o-o-0-^ 


The  series  of  pits  are  situated  in  curved  grooves.  The  lines 
without  pits  are  salient  and  vein  like.  They  separate  the  series 
of  pits,  and  also  intersect  the  general  field. 
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Strike  N.  38°  W.    Dip  vertical. 

AdjoiniDg  this  on  the  aortb,  the  schist  is  grayTackenitic  mica 
schist. 

SALT  532.  S.  W-  i,  N.  W.  i,  S.  20,  T.  64-8.  Graywacken- 
itic  micH  aiid  hornblende  schist.  Some  parts  reached  by  atmos- 
pheric action  are  distinctly  hornblende  schist  with  mach  feld- 
spar. 

The  narrow  deep  bay  indicated  od  the  plat  is  not  here. 

HALT  533.  N.  W.  i,  S.  20,  T.  64-8.  Fine  dark-grayish  very 
compact,  graywackenitic-lookingrock,  some  of  which  weathers 
brick-red,  and  some  is  greenish  with  epidote.  It  forma  an  es- 
carpment 40  feet  high.  Divisional  planes  give  some  of  it  the  ap- 
pearance of  horizontal  stratification.  It  includes  masses  of  black 
hornblende  rock;  and  in  places,  hornblende  schist  is interbedded 
with  the  true  bedding,  which  is  nearly  vertical.  It  contain3,alBO, 
irregular  masses  of  syenite. 

SALT  534.  S.  B.  i,  N.  E.  t,  8.  19,  T.  64-8.  A  pazzHng  mix- 
ture again,  containing  graywaeke  schist,  hornblende  schist,  sy- 
enite, felsitic  schist,  dioryte  schist,  etc. 

Rock  217  bis.     Graywaeke  schist.       )     ...      .   ^        .    .   . 

Rock  218.     Dioryte  schist.  >   ^"  ™^ai^ 

Rock  219.    Gneiss.  )  oeaaea. 

EALT535.  S.  E.  i,  Hf.  E.  },  S.  19,  T.  64-8.  Syenite— typi- 
cal and  unmixed. 

This  is  an  important  observation,  since  it  brings  the  crystal- 
lines far  across  the  strike  of  the  schists,  and  intimates  that  there 
may  be,  east  of  Snowbank  lake,  a  connection  between  the  White 
Iron  syenites  and  the  Basswood  lake  syenite.  In  accordance 
with  this,  the  strike  of  the  schists  has  recently  been  uortherly 
and  even  northwesterly.  This  coiyecture  renders  it  all  the  more 
regretable  thnt  I  conid  not  get  int«  Disappointment  lake  south- 
east of  Snowbank. 

SALTS^.  N.  W.  1,  S.  W.  i,».  19,  T.  64  8.  Town  line. 
Syenite. 

Before  dismissing  Snowbank  lake,  it  is  due  the  government 
surveyors  to  testify  that  their  work  on  the  shores  of  the  lake  is 
even  more  execrable  and  misleading  than  that  on  Moose  lake. 
There  are  several  indications  that  -some  parts  of  the  plat  were 
laid  down  from  memory.  Thn.s  particular  features,  besides  be- 
ing inexact,  are  quite  erroneously  located.  Meander  stakes, 
when  present,  are  marked  in  the  s.ime  illegible  style  as  on  Moose 
lake.     These  faults  are  more  eijregious  in  T.  64-8  than  in  T,  64-S. 


.vGoogIc 


STATE  GEOLOGIST.  131 

§    20.      BOOT  I,AKE   AND   VICINITT. 

Boot  lake  is  a  small  body  of  water  lying  in  an  unbroken  asd 
almost  anvisited  wilderness  in  S.  21,  T.  64-6.  As  it  forms  part 
of  the  long  and  difficult  and  badly  platted  route  between  Snow- 
bank and  Ensign  lakes,  it  aeetos  best  to  assign  it  to  a  special  sec- 
tion. Its  physical  characteristics  are  identical  with  those  of 
Snowbank  lake.  The  geographical  featnres  of  the  region  will 
be  noticed  in  connection  with  the  geology.  On  the  east  side  of 
Snowbank  lake  is  a  deep  narrow  bay  not  laid  down  on  the  plat, 
and  here  a  small  stream  conveys  the  drainage  of  the  lake  down 
a  series  of  rapids  into  a  small  lake  which  I  have  named  Shot 
lake.  Other  ra:pids  connect  this  with  Boot  lake.  A  stream 
ftY>m  Boot  lake  flows  northeast  into  a  stream  from  Jordan  lake 
which  I  callJordan  creek;andthi8  continues  its  coarse  nearly 
north  through  a  long  estaary  into  Ensign  lake. 

SALT 537.  S.  W.  },  S.  W.  i,  8.  20,  T.  64-8.  On  portage 
from  Snowbank  to  Shot  lake.  Mongrel  rock.  Constituents  of 
syenite  and  hornblende  schist  intermingled. 

Jiock  220.     Syenitic,  hornblendic  schist. 

HALT5SS.  End  of  portage,  on  Shot  lake.  Mongrel  rock  as 
before,  with  masses  of  syenite  inclndcd;  also  veins  of  syenite. 

HALT5-^9.  N.  W.  t,  S.  W.  i,  8.  21,  t'  64-8.  Northeast  side 
of  Shot  lake.     Mongrel  rock  continues. 

SALT  HO.  N.  W.  i,  S.  W.  i,  S.  21,  T.  64-8.  End  of  portage 
from  Shot  to  Boot  lake.  ■'  Sewed-up  rock,"  a  fine  graywacken- 
itic  mica  schist,  intersected  by  obscure  veins  in  many  direc- 
tions, 

SALT  5*1.    S.  sideN.  E.  1,  S.  21,  T.  64-9.     On  Boot  lake. 
Graywackenitic  or  compact,  chloritic  schist,  hard  and  greenish,  - 
apparently  felsitic. 

SALT  &42.  N.  E.  i,  N.  E.  t,  S.  21.  T.  64-8.  On  boot  lake. 
Greenish  felsitic  schist,  very  variable  in  texture.  Strike  N.  78° 
W.  On  weathered  surfaces  feldspar  spots  appear.  Some  parts 
contain  lai^e,  light-colored  felsitic  patches. 

Eoek  221.     Felsitic  schist. 

SALT5i3.      S.  W.  i,  3.   E.   1,  S.  16,  T.  64  8.      Northern  ex- 
tremity of  Boot  lake,  on  little  bay  not  shown  on  plat.     Sericitic   ■ 
schist,  soit,  light-drah,  thinly  laminated.  Strike  N.  80°  W.  Dip 
vertical. 

Rock  222.     Sericitic  schist,  fiom  Halt  .543. 

The  stream  platted  ss  entering  at  the  sontheast  corner  of  Boot 


.vGoogIc 


182  FIFTEENTH  AKKUi.L  REPOBT 

lake  does  not  exJBt.  On  the  coDtrary,  the  little  bay  potting  ont 
at  the  DortheasterD  angle  is  not  platted^  nor  is  the  stream  vhich 
findB  exit  here.  This  is  not  canoeahle,  bnt  a  very  obscare  trail 
leads  along  the  east  side  of  it.  . 

SALT  544.  S.  W.  J,  S.  E.  i,  S.  16,  T.  64-8.  One  fourth  mile 
OB  portage  beyond  Boot  lake.  Coarse  N.  7°  E.  Seiicitic  schist, 
bluish,  easily  split.  Strite  N.  76"  W.  Dip  90°. 

BALTU5.  S.  W.  i,  S.  B.  1.  8.  16,  T.  64-8  One-eighth  mile 
on  portage.  Sericitic  schist,  bluish,  warped,  efflorescing,  thin- 
laminated.     Strike  E.  and  W.  Dip  90°. 

A  high  cliff  of  this  schist  extends  along  the  east  side  of  the 
portage.  It  continues  along  the  creek  a  distance  of  a  quarter  of 
a  mile  in  a  direction  varying  from  N,  12°  E;  to  N.  32"  E. 
The  strike  of  the  vertical  beds  becomes  N.  84°  E.  The  cliff  then 
trends  more  southeasterly. 

In  half  a  mile  or  less,  the  creek  is  met  by  Jordan  creek,  which 
is  somewhat  larger,  and  flows  K.  63°  W. 

HALTM6.  About  N.  W.  \,  S.  W.  i,  S.  ir>,  T.  64-8.  On  Jor- 
dan creek,  one-fourth  mile  above  Junction  with  Boot  Lake 
creek.  Rapids  all  the  way,  and  here  is  quite  a  pretty  cascade 
over  bnffish,  soft,  sericitic  slates  standing  vertical  and  having  a 
strike  N.  88°  W.  The  cliflfe  rise  on  either  hand  20  to  30  feet. 
On  the  top  of  the  cliff  stands  a  primeval  forest,  dense  with  un- 
dergrowth. But  some  thrifty  pines — white  and  Norway,  are 
seen,  intermixed  with  spruce  and  cedars.  One  white  pine 
measured  3  feet  in  diameter. 

Above  the  falls,  rapids  continue  at  least  a  quarter  of  a  mile. 
There  is  no  trail,  and  therefore  no  indication  of  considerable 
water  further  up.  I  had  to  abandon  the  project,  therefore,  of 
getting  into  Jordan  lake  by  this  stream. 

HALT5i7.  N.  W.  1,  8.  W  1,  8.  15,  T.  64-8.  Near  beginning 
of  portage  beyond  the  stream.  'Greenish  sericitic  schist.  Strike 
K.  88°  W.  Dip  60°  S.  This  dip  is  in  the  creek;  near  by,  in  the 
bluff,  the  dip  is  vertical.  Direction  of  the  trail  and  creek  S. 
22°  E. 

The  above  Halt  is  at  the  northeast  end  of  a  pool  one-tenth  of  a 
mile  long,  over  which  we  floated  the  canoe.  We  then  found 
rapids  and  took  a  poor  trail  on  the  we-st  of  the  stream  around 
them.    This  portage  is  about  one-fifth  of  a  mile. 

n:ALT54S.  AboutS.  W.  i,  N.  E.  t,  8.  15,  T.  64-8.  Sericitic 
Bchist,  drab  and  soft  and  shaly. 

This  creek  is  broad,  but  shallow,and  often  obstructed  by  rocks 
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and  fallen  timber.  Many  places  where  the  caaoe  most  be  hauled 
bj  men  vading  in  the  water,  bnt  there  is  no  trail  along  the 
banks.  Then  another  open  place  followa  — one-tenth  of  a  mile 
—  then  obstrnctions  again.  The  plat  is  absolutely  worthleaa. 
The  stream  finally  widens  out  into  an  estuary  Betting  northwest, 
instead  of  a  delta  setting  northeast,  and  the  month  appears  to 
be  a  third  of  a  mile  west  of  the  place  indicated. 

§  21.       ENSIGN   LAKE. 

The  best  approach  to  Ensign  or  Mountain  lake,  and  the  only 
one  which  appears  to  be  used,  is  at  the  west  end,  where  a  broad 
and  caKoeable  stream  (not  so  represented  on  the  plat)  fiows  out 
into  Cap  lake.  From  the  northwestern  angle  of  this,  a  high  and 
dry  portage,  one- fourth  of  a  mile  long,  connects  with  Carp  lake. 
The  stream  which  drains  Cap  lake  into  Carp  is  not  canoeable;  it 
is  a  continuous  rapid,aud  no  trail  exists  along  its  border,though 
we  forced  our  way  through.  Ensign  lake  is  long.oarrow  and  ir- 
regular. It  lies  in  the  northern  half  of  T.  64-8,  and  its  main 
axes  trend  east  and  west.  Its  physiographic  aspect  is  less  severe 
and  boreal  than  that  of  Snowbank;  but  the  lake-fringe  of  white 
cedar  and  spruce  is  still  a  marked  feature,  and  its  waters  are 
poor  in  fish.  The  lake  lies  upon  the  eroded  vertical  edges  of  a 
mass  of  schists  -whose  strike  has  determined  its  main  axes.  It  has 
about  14  miles  of  shoi'e-line,  and  studies  have  been  made  at  5S 
Halts. 

The  faulty  platting  of  the  lake  is  partially  corrected  on  the 
map  accompanying  this  report.  The  geological  description  be- 
gins at  the  point  of  approach  front  Snowbank  lake. 

MALT6i9.  N.  E.  1,  N.  W.  k,  8.  X5,  T.  64-8.  Ensign  lake. 
Serieitic  schist,  yellowish-bine,  partly  quite  shaly,  partly  more 
solid. .  Occasional  fragments  of  a  black,  compact  argillite  ap- 
pear,bnt  they  are  not  in  the  near  neighborhood  of  an  outcrop. 

The  formation  varies  from  serieitic  schist  as  above,  to  rough, 
compact  argillite,  and  thin-laminat«d  argillite. 

Sock  223.     Serieitic  schist. 

Sock  224.     Compact,  argillitic  schist. 

Rock  225.    Thin  laminated  argillite. 

Strike  N.  89"  E.     Dip  vertical. 

SALT  550.  N.  W.  t,  N.  W.  i,  S.  15,  T.  «4-8.  Island.  Argil- 
litic serieitic  schist — even  and  slaty.  Strike  E.  and  W.  DipH". 
85°.  '  At  the  western  end  of  the  island  the  rock  is  more  massive. 
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HALT551.  N.  "W.  j,  N.  W.  i,  S.  15,  T.  64-8.  Ai^illiticseri- 
citic  schist. 

HALT  552.  N.  E.  i,  N.  E.  i,  S.  16,  T.  64.8.  Argillitic  sen- 
eitic  schist.    Dip  N.  7.'*'',  Imt  possibly  disturhed. 

HALT  553.  N.  E.  i,  S.  W.  i,  S.  10,  T.  64-8.  Bluish,  ai^llit- 
ic  sericitic  slate.     Strike  N.  7.5°  E.     Dip  80°. 

Bock  226.     Argillitic  sericitic  schist. 

ffALT55i.  N.  E.  i,  N.  E.  i,  S.  17,  T.  64-8.  Ai^illitic  seri- 
citic schist,  bluish,  not  smooth,  with  miimte  felisteniog  specks 
and  a  few  black  ones.  Indications  of  a  waxy  pervasive  matrix. 
Dip  N.  75°. 

ffoci  227.     Argillitic  sericitic  schist. 

EALT555.  N.  W.  i,  N.  E.  1,  S.  17,  T.  64  8.  Chloritie, seri- 
citic schist,  weathering  black  and  ragged,  with  many  holes,  cir- 
cular, oblong  and  elongate,  in  the  exposed  edges  of  the  beds. 
Immediately  contiguona.  the  rock  is  highly  sericitic,  early 
crunibliiig  to  chips.     Strike  N.  74°  E.     Dip  86°  8. 

Rock  228.     Sericitic  schist. 

SALT  656.  S.  E.  1,  S.  W.  i,  3.  8.  T.  64-8.  Island^  Felsitic 
schist  varying  to  sericitic  felsitic  Hchist — compact^  some  por- 
tions hard  and  massive,  others  easily  cleavable. 

Rock  229.     Felsitic  schist  (poroditicT). 

Rock  2.10.     Sericitic,  felsitic  schist. 

The  felsitic  portion  is  in  plac«s  porphyritic  with  nndefiDed 
grains  of  feldspar.     Strike  N.  70°  E.     Dip  Vf  rtical. 

SALT  557.  S.  W.  1,  S.  W.  i,  S.  8,  T.  64-8.  Island.  Chloritie 
sericitic  schist  —  blnish,  soft,  weathering  vacuous,  thin-Iami 
nated,  but  laminee  not  really  .separating,  many  thin  lenticules  of 
felsitic  matter  interlami nated.  Strike  N,  74°  E.    Dip  vertical. 

HALT558.  8.  E.  i,  S.  E.  i,  8.  7,  T.  64-8.  Island.  Ai^ilUtic 
sericitic  schist.  Dip  vertical.  a 

HALTTySl.  8.  W.  i,  S.  E.  i,  8.  7,  T.  64-8.  Sericitic  ai^iUite. 
Strike  N.  64°  E.     Dip  76°  N. 

Rork  239.  Sericitic  argillite. 

SALT  580.  S.  W.  i,  S.  E.  J,  8.  7,  T..64-8.  Near  outlet  of  lake. 
Chloritie  sericitic  schist,  same  as  at  Halt  567  —  the  chloritie 
matter  bright  green,  and  the  formation  having  veins  of  qaartz. 

The  stream  flowing  out  of  Ensign  lake  I  call  Eusigu  river. 
Its  entrance  is  obstructed,  but  beyond  it  is  broad  and  deep.  It 
carries  the  waters  of  Ensign,  Shot,  Snowbank,  Nameless   anil 
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Disappointment  lakes,  as  well  as  those  of  Jordan,  Ima,  Thomas 
and  Eraser  lakes. 

In  this  connectioQ  I  notice  the  geology  of  Ensign  river  and  of 
Cap  lake  into  which  it  flows. 

HALT  605.  S.  B.  1,  S.  W.  \,  8.  7,  T.  64-8.  On  Ensign  river 
or  estuary.  Chloritic,  sericitic  argillite.  Strike  N.  52°  E.  Dip 
N.  75°. 

SALTGO&.  a.  W.  \,  S.  W.  \,  S.  7,  T.  64-8.  Gap  lake.  Ser- 
icitic argillite.  Strike  N.  62°  E.     Dip  vertical, 

HALT^m.  N.  W.  1,  8.  W.  i,  8.  7,  T.  64.8.  Ai^llite  slightly 
sericitic.  Strike  N",  52°  degrees  E.  Dip  N.  75°. 

HALTGQS.  S.  W.  i,  N.  W.  i,  8.  7,  T.  64-8.  Sericitic  schist. 
Strike  N.  38°  E.  Dip  vertical. 

HALT  609.  8.  E.  ^  S.  E.  i,  S.  12,  T.  64-9.  Near  outlet  of 
Cap  lake.  Compact,  haid  ai^illite.  Strike  N.  52°  E.  Dip  ver- 
tical. 

HALT  519,  S.  \T.  i,  S.  E.  i.  8.  7,  T.  64-8.  Argillite.  Dip 
80°  E. 

HALT51S.  N.  E.  1,  S.  E.  i,  S.  7,  T.  64-8.  Chloritic  argtUite 
with  knots  of  apparently  feldspathic  matter,  giving  an  uneven 
surface.   Strike  N.  62°  E.  Dip  vertical. 

HALT 511.  N.  W.  i,  S.  W.  t,  S.  8,  T.  64-8.  Felsitic,  sericitic 
schist,  with  disseminated  grains  of  quartz.  Composed  of  many 
alternating  qualities.  Flatened  lenticular  and  globoid  masses  of 
syenite,  and  various  qualities  of  the  country  rock  are  embraced 
in  the  bedding,  and  the  heds  are  warped  around  them  and  fitted 
to  them.  General  character  like  that  at  the  point  opposite  — 
Halt  561.  Strike  N.  60°  E. 

HALTf,m.  N.  E.  i,  S.  E.  i,  S.  7,  T.  64-8.  Point.  Argillitio 
sericitic  schist. 

HALTbQO.  N.  W.  i,  8.  W.  \,  8.  8,  T.  64-8.  Chloritic,  seri- 
citic.'schist. 

HALT  582.  S.  W.  i,  S.  E.  \,  8.  8.  T.  64-8.  Argillite,  slaty, 
some  of  it  smooth  and  fine,  some  rough,  lenticules  of  quartz. 
Strike  N.  64°  B.     Dip  N.  75°. 

Bock  240.     Argillite. 

HALTb^.  N.  W»  J,  S.  E.  i,  S.  8,  T.  64-8.  Chloritic  ar- 
gillite, with  grains  of  quartz  and  feldspar  scattered' through  it. 
StrikelN.  48°  E.     Dip  N.  86°. 

EALT^\.  S.  E.  J,  N.  W.  i.  S.  8,  T.  64-8.  Point.  Chloritic 
sericitic  schist,  varying  to  compact,  hard,  greenish  felsitic 
schist,  with  darker  green  grains.  Interbedded  are  many  rounded 
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lomps  of  syenite,  maoy  lenticular  maases,  and  many  real  beds — 
as  also  beds  and  lenticnles  of  petrosilex,  qaartz  and  granulite. 
Strike  N.  62°  E.    Dip  vertical. 

HALT  562.  8.  W.  1,  N.  B.  \,  8.  3,  T.  64-8.  Argillitic  aericitio 
schist  Id  a  cliff  16  feet^high.     Dip  vertical. 

EALT^m.  8.  E.  i,  K.  E.  \,  8.  8,  T.  64-8.  Light  sericitio 
sctaistalmilarto^tbat  at  Halt  555,  but  nioreeasily  goes  to  fine  chips. 

HALT  mi.  8.  W.  1,  N.  W.  i,  S.  9,  T.  64-8.  Chloritic  and 
graywakenitic  schists  in  alternation— also  some  syenitic  lenti- 
cnles and  rounded  lamps.  It  is  noticeable  that  the  laminee  are 
carped  around'the  lumps  asif  the  latter  had  been  iDtroduced  as 
pebbles.'    The  lenticules  appear  like  segregations. 

HALT  565.  8.  E.  1/N.  "W.  ),  8.  9,  T.  64-8.  Chloritic  seri- 
citle  schist.  A  dike-like  bed  of  diabasic  material  12  inches 
vide,  stands  perfectly  conformable  with  the  schist,  and  the  con- 
tiguous schist  is  little,  if  any,  altered.  The  scbist  contains 
lumps  and  interbeddingsof  dioryte.  All  these  sorts  of  rocks  also 
graduate  into  each  other.  The  formation  appears  to  have  been 
a  mixture  of  constituents,  which  at  one  point  arrange  themselves 
in  one  aggregation  of  minerals,  and,  at  another  point,  in  another 
aggregation.  * 

Bock  231.     Chloritic,  sericitic  schist  with  a  felsitic  band. 

JZocfc  232.  Schist  in  absolute  contact  with  the  dike.  (The 
weathered  side.) 

Bock  233.    Diorite  in  the  above  schist. 

Bock  234.     Syenite  in  the  above  schist. 

HALTm^:  8.  B.  \,  N.  W.  J,  S.  9,  T.  65-8.  Chloritic,  sericitic 
schist.  The  chloritic  constituent  is  bright  green  and  gives  the 
rock  a  showy  appearance.  Would  be  a  handsome  rock  for  pol- 
ishing.    It  weathers  rusty. 

Bock  235.     Chloritic  sericitic  schist  —  several  specimens. 

HALT  567.  A  few  rods  further  east,  this  formation  is  inter- 
sected by  massive  veins  of  white,  opaque  quartz,  which  appears 
to  cut  the  bedding  transversely ,  These  veins  branch  extensively, 
,  and  in  their  ramifications  become  intimately  mixed  with  the 
schist,  giving  it  ajgranular,  and  Snally,  asimplysilicicons  consti- 
tution. Some  portions  of  the  schist  here,  are  niaasive  and  hard, 
with  a  rns8«t  color;  bnt  I  find  the  scbist  in  actnal  contact  with 
the  quarts  not  at  all  hardened  or  otherwise  altered. 

Bock  236.     Relation  of  quartz  and  schist. 

HALT  568.  S.  W.  1,  N.  E.  i,  8.  9,T.  64-8.  Argillite  finely  si- 
licious  bnt  slaty.     Strike  N.  82°   E.     Dip  85°  S. 
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HALT  569.  N.  W.  \,  N.  B.  \,  S.  9,  T  64-8.  Chloritic  sericit- 
ic  Bchist  with  quartz  grains  disseminated  through  it,  also  some 
feldspar  grains;  iotersected  also  by  quartz  veins  of  dike-form 
crossing  the  t>eddii)g  diagonally.  Bock  contains  also  fragments 
of  sericitic  schist. 

Rock  237.     Chloritic  sericitic  schist  with  qaartz  grains. 

SALT  bid.  N.  E.  \,  N.  W.  i,  S.  9,  T.  64-8.  Chloritic  gray- 
wackenitic  schist  in  a  high  cliff.    Dip.  S.  76. 

HALT  571.  S.  W.  },  N.  W.  i,  S.  9,  T.  64-8.  Argillite,  slate 
color,  rather  slaty  structure,  weathering  greenish.  Strike  If. 
67"  E.     Dip.  S.  85*. 

SALT  572.  N.  E.  1,  N.  W.  I,  S.  8,  T.  64-8.  Solid  schistose 
rock,  consisting  of  iuterbedded  argillite  and  felsitic  schist. 
Strike  N.  42°  E.      , 

SALT  573.  N.  W.  i,  N.  E.  \,  3.  8,  T.  64-8.  Argillite,  com- 
pact, non-slaty,  mostly  with  disseminated  grains  of  quartz  and 
some  feldspar. 

Rock  233.  ,  Argillite  and  quartz. 

SALT57i.  N.  E  i,  N.  W.  i,  S.  8,  T.  64-8.  Argillit*  dis- 
tinctly bedded,  but  non-slaty.  Strike  N.  28°  E.  The  strike  varies 
five  or  ten  degrees  in  the  distance  of  20  feet.  Formation  weath- 
ers in  a  very  rugged  and  peculiar  way. 

SALT  575.  Centre  N.  W.  i,  S.  8,  T.  64-8.  Sericitic  argil- 
lite.    Strike  N.  41°  E.     Dip.  S.  82°. 

SALT  576.  N.  E.  1,  N.  E.  i,  S.  7,  T.  64-8.  Argillite;  gray- 
greenish,  compact,  with  apparently  a  felsitic  matrix,  but  very 
distinctly  bedded.     Strike  N.  .'50°  E.   Dip  vertical. 

SALT  584.  S.  E.  i,  S.  W.  i,  S.  9,  T.  64-8.  Sericitic  argillite, 
thinly  laminated  and  very  slaty,  the  latnince  mostly  waxy. 
There  are  many  interlaminated  sheets  of  quarte,  and  these  oc- 
casionally branch  across  the  laminfe  of  schist.  Some  of  the 
laminse  are  sharply  plicated,  and  the  included  laminse  of  quartz 
are  quite  conformable.  But  in  such  case,  the  quartz  tends  also 
to  dissemination  through  the  schist. 

In  one  case  I  counted  seven  laminfe  of  quartz  in  the  space  of 
4i  inchee,  and  in  another  7,  less  continuous,  in  the  space  of  two 
inches.  In  the  first  case,  the  laminse  can  be  traced  continuously 
six  feet,  and  theu  they  disappear  in  both  directions  under  the 
earth. 

R'W;A:241.  Sericitic  schist  and  one  of  7  laminte  of  quartz  in 
7  inches. 

Rock  242.     Plicated  schist  with  quartz  laminie. 
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85.  S.  W.  i,  S.  E.  i.  S.  9,  T.  64-8.     Serieitic  ai^illite. 

86.  S.  W.  *,  S.  -W.  i,  S.  10,  T.  64-8.  Serieitic  schist, 
nd  thinly  laminated.     Strike  N.  63°  E.    Dip  78°  S. 

87.  N.  W.  i.  S.  E.  1,  S.  10,  T.  64-S.  Pale  buff  seri- 
t,  but  packed  full  of  grains  of  quartz  and  feldspar, 
athered  surfaces  these  grains  stund  prominent  and 
ving  the  rock  a  gi-anitic  appearance.  Some  quaitz 
hrough  it,  and  the  bedding  is  warped  and  quite  irreg- 
ke  N .  52°  E.     Dip  t 

i.     Sericiticschist  with  quartz  and  feldspar  grains. 

88.  N.  W.  J,  S.  E.  1,  a.  10,  T.  64-8.  ArgiUite.  Strike 
Dip  9  75°.     Glacial  striie  S.  13°  W. 

89.  Centre  of  S.  10,  T.  64-8.  Argillit*  packed  with 
qnailz.  Bock  compact,  hard,  little  slaty.  Strike  N. 
p  S.  76°. 

Argillite  with  quartz  grains. 

90.  8.  E.  i,  N.  W.  i,  S.  10,  T.  64-8.  Argillite  smooth 
Strike  N.  73°  E.     Dip  8.  80°. 

91.  N.  W.  i,  N.  W.  1,  S.  10.  T.  64-8.  Gravelly  seri- 
;.  It  is  packed  with  grains  of  quartz  and  feldspar. 
r2°E.     Dipvertical.     Glacial  striie  S.   12°  W.  and  S. 

592.  N.  W.  i,  N.  W.  1,  S.  10,  T.  64-8.  Felsitic  ar- 
rgillite  reduced  to  the  last  degree  of  compactness  and 
y  increase  of  silica  and  feldspar.  Some  is  a  fine  hom- 
jlsite  of  greenisb-drab  color,  containing  fr^mente  of 
argillite,  shown  in  one  of  the  specimens  245.     Strike 

I.     Felsitic  argillite  and  argillitic  felsite. 

193.  S.  W.  J,  8.  W.  i,  S.  3,  T.  64-8.     Felsitic  argillite 

1  as  the  last. 

i94.  N.  E.  i,  N.  W.  i,  S.  10,  T.  84-8.   Felsitic,  serieitic 

ewhat  silicious,  weathering  rather  rough. 

«5.   8.  E.  1,  N.  E.  i,  S.  10,  T.  64-8.  Serieitic  argillite, 

weathering  harsh.  Strike  N.  78°  B.  Dip  60°  8. 
;96.  S.  E.  i,  N.  E.  i,  8.  10,  T.   04-8.     Rough,   mostly 
rieitic  schist.  Strike  not  obtainable.  Dip  45?  S. 
asaal  dip  is  taken  ou  the  shore,  and  I  fear  the  planes 

in  reality  joints.     Five  rods  away,  however,  the  dip 

[n  still  another  place  it  is  8.  57°. 

rts  of  the  formation  are  extremely  gravelly. 

i.     Gravelly  serieitic  schist. 
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HALT  597.  S.  W.  i,  IS.  W.  i,  S.  11,  T.  64-8.  Seridtic  schist 
with  disseminated  grains  aud  crystals  of  feldspar  and  some 
quartz. 

SALT5.98.  N.  W.  J,  8.  W.  i,  S.  11,  T.  64-8.  Argillite  a  little 
sericitic,  thin -laminated  and  slaty.   Strike  N.  73°  E.  DipS.  70°. 

HALT  599.  S.  W.  i,  8.  E.  \,  S,  11,  T.  64-8.  Sericitie  schist  — 
partly  argillitic  and  partly  chloritic,  with  Diach  interbedding  of 
quartz  and  »  good  many  lumps  of  coai-sely  granular  quartz.  For- 
mation much  like  that  of  584.     Strike  N,  S6°  E.     Dip  N.  75". 

The  beds  are  much  warped,  and  in  places  sharply  plicated. 

HALT  600.  N.  W.  i,  S.  E.  i,  S.  11,  T.  64-8.  Argillite.  dark- 
bluish,  compact,  but  very  distinctly  laminated.  Strike  N.  72°  E. 
Dip  S.  54°  and  64°.  This  formation  is  intersected  by  a  dike  of 
fine  diabase,  18  feet  wide  and  bearing  N.  57°.  and  hence  cutting 
the  bedding. 

Kock  247.     Diabase  from  a  dike  at  Halt  600. 

The  dike  is  about  vertical. 

The  formation  also  includes  a  bed  of  coarsely  granular  quartz 
mixed  with  fragments  of  bluish-black  argillite. 

Roek  248.     Quartz  and  black  argillite. 

On  further  examiuatiou  this  slate-bearing  quartz  is  found  in 
the  form  of  a  vein  and  not  a  conformable  bed.  In  places  it  is 
ten  inches  wide  and  conformable,  but  the  branches — still  con- 
taining fragments  of  shale  —  run  irregularly  across  the  beds. 

Searching  further  on  the  contact  between  the  dike  and  the 
schist,  I  find  a  state  of  things  as  follows: 


a.     Argillite  hardened  in  proximity  to  the  dike. 

d.  The  diahasie  dike. 

e.  A  bed  6  inches  wide  conformable  with  the  dike  and  having 
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the  appeariinee  of  bard,  nearly  blacb,  argillite,  with  glistening 
points  similai'  to  those  in  the  contiguous  argillite. 

c'.  A  layer  similar  to  c,  but  more  diabasic.  On  the  whole,  I 
think  e  and  ^  are  a  sort  of  selvage  of  the  dike  modified  by  eon- 
tact  with  the  argillit«  }  as  the  contiguous  argillite,  on  the  other 
hand,  is  modified  by  the  dike  in  becoming  somewhat  diabasic  — 
for  besides  being  harder,  it  is  darker  and  inclines  a  little  to  horn- 
blende or  angite  schist. 

HALTmi.  N.  E.  t,  N.  B.  J,  S.  15,  T.  64-8.  Graywackenitic 
argillite,  compact,  non-slaty.     Strike  N.  82°  E.     Dip  S.  80°. 

HALT  602.  Centre  N.  E.  1,  8.  15,  T.  61-8,  A  diabase  dike 
rises  like  an  outlier  in  the  water  near  the  shore,  having  a  trend 
N.  76°  E.  conformably  with  the  schists.  It  is  about  27  feet 
broad.  It  holds  disseminated  grains  of  pale-greenish  feldspar, 
and  also  a  few  fragments  of  glassy  q^oartz.  Some  of  the  feldspar 
firagments  are  marked  as  follows: 

J\'^  4-€.Ie.l^sp<*^  In^lvlduztt  witlt^  fine,  alanf        • 
the.  7n.i-ddU.fram' a.  duiia^  ^l'k»,2Az.ltfOZ.£rt.~ 
st^ff  JjoJcc 

In  this  greatly  magnified  figure,  a  line  is  seen  extending  along 
the  middle,  giving  an  appearance  as  if  the  crystal  had  grown 
from  the  line  in  both  directions. 

Rock  249.     Diabase  from  a  dike  at  Halt  602. 

RAhTmZ.  N.  W.  t,  N.  E.  t,  S.  15,  T.  64-8.  Sericitic schiia 
distinctly  laminated,  but  not  slaty.  Some  <iuartz  veins.  Strike 
K  76°  E.     Dip  S,  80°. 

KAhTm\.  N.  W.  1,  N.  E.  i,  8.  15,  T.  64-8.  Argillite. 
Strike  N.  74°  E.  Dip  8. 85°.  Contains  lumps  and  lenticules  of 
white  quartz  which  warp  the  bedding  more  or  less,  according  to 
size. 

§  32.       SUCKER   LAKE. 

This,  as  before  stated,  is  sometimes  called  Birch  lake.  It  is 
so  named  on  the  Canadian  map  already  cited.  On  a  photo- 
graphed copy  of  a  manuscript  map  used  by  the  United  States 
Geological  Survey,  it  is  marked  as  Carp  lake.  It  lies  along  the 
national  boundary  uext  east  of  Carp  lake.  Connected  with 
Carp  lake  by  a  broad  and  navigable  stream,  a  quarter  of  a  mile 


.vGoogIc 


STATE  GEOLOGIST.  141 

long,  it  lias  a  total  length  of  three  and  one-fourth  miles,  and 
an  avei-age  breadth  of  half  a  mile.  The  eastern  end  bilhr- 
cates,  and  the  southern  brAoch,  which  contains  the  chaanel,  is 
so  disgnised  at  its  month  by  large  islaads,  that  the  stranger 
wonld  be  apt  to  take  the  northern  branch,  which  is  a  mere  blind 
bay.  It  is  separated  from  Fsendo-messer  lake  by  rapids  which 
are  passed  on  a  portiige  about  a  third  of  a  mile  long.  Fishing 
seems  to  be  excellent  in  Sucker  lake,  especially  about  the  en- 
trance intothe  southern  arm. 

HALTQU.  Aci-oss  the  boundary  from  N.  W.  i,  8.  E.  1,  S. 
1,  T.  64-9.  Island  on  Caniidian  side  (  "  Interlaken"  ).  Sericitic 
schist,  soft,  slaty.  Strike  N.  46°  E.  Dip  vertical. 

HALTbW.  a.  E.  i,  S.  E.  ),  S.  1,  T.  64  9.  Graywacke  in  a 
high  oliff.  It  may  be  bedded,  but  I  could  not  see  the  evidence 
from  the  face  of  the  cliff.  I  would  suppose  it  to  agree  with  the 
graywacke  schists  in  Carp  lake,  but  its  composition  seems  to  be 
hornblende  or  angite  and  a  feldspar.  In  contact  is  a  rough  ar- 
gillite. 

SALT  616.  N.  E.  i,  9.  E.  J,  S.  1,  T.  64-9.  Bough  argillite, 
distinctly  sericitic  under  the  lens,  appearing  as  if  transitional  to 
mica  schist.  The  weathered  surface  is  black  and  ragged,  lookiug 
■  much  like  a  stream  of  cooled  lava,  while  soft  and  laminated  in 
hand  specimens,  the  bedding  is  exceedingly  obscured  on  the 
weathered  surface  of  the  formation, 

HALTQn.  N.  E.  1,  S.  W.  1,  3.  6,  T.  64-8.  Chloritic  sericitic 
schist  of  very  nneven  composition,  and  rough  surface.  Strike 
K  60"  E.  Dip  vertical. 

HALT  618.  If .  W.  K  S.  B.  i,  S.  6,  T.  64-8.  Sericitic  schist, 
soft,  a  little  argillitic,  dun.    Strike  N.  36"  E.  IMp  vertical. 

HALT&i^.  N.  W.  \,  S.  E.  \,  S.  6,  T.  64  8.  Sericitic  schist 
buff  and  slaty.     Dip  vertical. 

HALTG20.  N.  E.  i,  S.  E.  i,  S.  6,  T.64-8.  Sericitic ai^  11  ite, 
alternating  with  sericitic  schist,  with  interlami nations  of  quartz 
and  some  small  veins.    Strike  X.  48"  K    Dip  vertical. 

EALT  621.  S.  W.  i,  N.  W.  J,  S.  5,  T.  64-8.  Sericitic  schist, 
light-gray  surface  of  laminse  granular.  Contains  tumps  of 
vitreo-grannlar  quartz,  around  which  the  bedding  is  warped. 
In  one  case  I  see  the  longer  dimension  of  the  lump  directed 
across  the  bedding,  and  the  laminte  abutting  against  its  sides. 
Strike  N.  40"  E.  t)ip  vertical. 
SALT  622.    N.  W.  \,   N.   W.    1.  S.   5,   T.   64-8.     Argillite, 
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rather  hard  and  compact  in  the  mass,  but  distinctly  slaty. 
Strike  N.  46°  E.     Dip  84°  S. 

RALT623.  S.  W.  i,  S.  W.  i-.  S.  33,  T.  65-8.  irgilUte, 
slaty  but  rather  hard.     Strike  N,  52"  E.     Dip  vertical. 

HALT  621.  N.  W.  i,  S.  E.  1,  S.  33,  T.  65-8.  Sericitic 
argillite,  rather  massive,  but  distinctly  laminated.  Contains 
lumps  of  quartz,  some  of  which  inclose  fragments  of  schist  still 
conformable  with  the  formation.     Strike  X.  56°  E.  Dip  9.  80°. 

HALT fi25.  N.  W.  i,S.  W.  i,  8.  34,  T.  65-8.  Commence- 
ment of  portage  to  F'seudO' messer  lake,  argillite,  bine  and  slaty. 
Strike  N.  48°  E.     Dip  vertical. 

HALT626.  S.  E.  i,  N.  W.  J,  S.  34,  T.  65-8.  East  endof 
portage.  Argillite,  dark,  fine,  slaty,  with  some  qnart/.  layers. 
Strike  N.  50°  E.     Dip  vertical. 

Hock  250.     Argillite,  fine,  dark. 

HALT627.  (Canada.)  S.  E  i,  S.  W.  i,  S.  32,  T.  65-8.  (As 
of  Minnesota.)  Argillite,  slate-colorand  slaty.  Strike  N.  52°  £. 
Dip  8.  80*. 

HALT &28.  (Wind  I.  Can.)  N.  E.  i,  K  W.  i,  8.  32,  T  65-8. 
As  of  Minnesota.  Sericitic  schist.  Strike  N.  22°  E.  Dip  ver- 
tical. On  the  north  sid^of  this  island  it  is  knotted  up  with  a 
good  deal  of  quartz.  , 

§  23.      KNIFE  LAKE. 

Mo-ko-man,  or  Knife  lake,  stretches  alongithe  national  bonu- 
dary  ^i  miles.  It  connects  with  Otter  Track  lake  on  the  east, 
and  with  Pseudo-measer  lake  on  the  west;  but  between  it  and 
the  latter  Is  an  interval  of  H  miles  occupied  by  a  stream  broken 
by  four  rapids  and  in  the  interval-s  expanded  into  little  lakes 
which,  beginning  at  the  east,  we  have  named  Potato,  Seed  and 
Melon  lakes.  For  convenieriee  of  reference  and  description. 
Knife  take  may  be  regarded  as  consisting  of  the  main  body  and 
four  arms.  Arm  I  is  the  easterly  attenuation  of  the  lake,  con- 
necting with  Otter  Track  lake.  Arm  II  extends  southeastward 
in  S.  14,  T.  65-7,  and  continues  a  quarter  o£  a  mile  into  8.  18,  T. 
65-6.  Arm  III  lies  wholly  in  S.  23,  T.  65-7  and  trends  eastward. 
Arm  IV  starts  from  the  northeast  corner  of  S.  28,  T.65-7  and  con- 
tinuing through  sectiouR  27,  22,  23  and  24,  passes  int«  T.  65-5 
and  covers  portions  of  sections  19,  18,  20,  21,  17,  16  and  15,  hav- 
ing a  length  of  about  seven  miles,  and  a  breadth  varying  from  a 
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quarter  of  a  mile  to  a  mile.  An  arm  which  might  be  named 
Arm  IV,  protrudes  into  Canada  Trom  the  Mme  part  of  the  lake 
with  which  Arm  II  connects.  - 

This  lake  is  commonly  approached  along  the  boundary.  It 
may  also  be  reached  from  Lake  Kekebabic  by  font  short  portages 
and  three  email  lakes.  The  exit  from  Kekekabic  is  near  the  cen- 
tre of  N.  E.  i,  S.  E.  I,  a.  34,  T.  65-7,  iind  the  portage  leadsnear- 
ly  north*  a  qiiart«r  of  a  mile  to  Pickle  lake.  The  exit  from  this 
is  at  a  shallow  bay  near  the  middle  of  the  north  side;  and  the 
portage  leads  northwest  to  the  nearest  point  of  Spoon  lake,  an 
eighth  of  a  mile  From  this,  at  the  nearest  point  to  Donghnnt 
lake,  is  a  short  portage;  and  from  the  most  westerly  point  of  the 
latt«r  lake,  is  a  foarth  portage,  a  thii-d  of  a  mile  long,  leading 
west  into  the  nearest  part  of  Arm  IV  of  Knife  lake.  The  loca- 
tions of  these  portages  are  somewhat  concealed,  and  one  nnin- 
formed  will  be  likely  to  lose  mnch  time  in  searching  for  them. 

The  course  of  the  observations  will  proceed  from  Lake  Keke- 
kabic over  the  portages  and  lakes  last  mentioned,  and  westward 
to  Fseudo-messer  lake.  This  route  covers  all  that  has  been  ob- 
served by  the  writer  on  Knife  lake  and  Immediate  vicinity: 

HALT  875.  N.  E.  i,  8.  E.  i,  8.  30,  T.  66-7.  On  portage  to 
Pickle  lake.  Ontcrop  of  slates,  qoite  slaty  and  evidently  a  tran- 
sition from  the  green  schists  occurring  on  the  shore  of  Lake 
Kekekabic  at  Halt  8M,  to  argillitic  chlorite  slates. 

HALTsh.  S.  E.  1,  N.  E.  i,  S.  34,  T.  6.5-7.  N.  side  Pickle 
lake.  Dark  argillite  on  the  beach,  and  it  seems  to  extend  into  a 
long  hill  stretching  N.  E.  and  showing  much  exposed  rock  which 
weathers  quite  light  colored.     The  slates  st-ands  vertical. 

BALT877.  9.  W.  i,  S.  E.  i,  8.  27,  T.  65-7.  Bough  argillitic 
slate,  gray wacke- like  and  veined  with  quartz.  The  portage 
north  out  of  Spoon  lake  is  at  the  head  of  a  little  bay,  behind  a 
bit  of  an  island,  and  concealed  by  a  fallen  tree. 

IfALT  878.  S.  W.  \,  N.  W.  1,  S.  17,  T.  65-7.  End  of  por- 
tage, on  Knife  lake.  Black,  silicious  argillite,  not  very  slaty, 
with  mnch  pyrites.  Fragments  of  Ogishke  conglomerate  and 
of  the  green  shale  on  shore,  mnch  worn. 

HALT 879.  8.  E.  i,  N.  E.  1,  S.  28,  T.  65-7.  Island.  Silicious 
slate. 

HAJJT880.  S.  W.  h  S.  E.  \,  S.  29,  T.  65-7.  Dark  silicious  (I) 
argillite.  Ou  close  inspection  the  rock  seems  more  felsitic  than 
silicious.  Strike  N.  58°  E,  Dip  vertical.  Glacial  striw  S. 
24"  W. 
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HALTSSi.  S.  W.  \,  W.  W.  I,  8.  36,  T.  65-8.  End  of  portage 
out  of  Kuife  lake.  Dark  argillite,  very  slaty,  fete.tic  Strike 
N.  73°  E.     Dip  vertical. 

HALT  882.  On  poi-tage  from  Potato  to  Seed  lake.  Ai^llite. 
Dip  vertical. 

HALTSSS.  S.  E.  \,  If.  W.  J,  S.  35,  T.  65-8.  Argillite,  con- 
tinuously slaty, 

HALT  884.  N.  W.  i,  S.  W.  i,  S.  35,  T.  65-8.  Argillite  with 
vertical  dip,  compact.     Strike  N.  63°  E. 

Similar  black,  ailicious  Blates  coiitiuiie  alfng  the  shoi-es  of 
Psendo-messer  lake  north  of  the  boundary  to  a  distance  of  at 
least  two  miles. 

§  24.     JMA  LAKE. 

It  was  stated  in  section  20,  when  referring  to  Boot 
lake  and  vicinity,  that  the  conspicuous  stream  shown  ou  the 
government  plat  as  flowing  out  of  Jordan  lake,  is  mach  broken 
by  rapids  and  not  canoeable,  and  no  trail  rendered  practicable 
the  approach  to  Joi'dan  and  Ima  takes  from  the  direction  of 
Snowbank.  But  a  fair  trail  exists  from  the  eastern  extremity  of 
Ensign  lake  (Halt  600)  to  Illusion  lake.  The  distance  is  a  mile 
and  a  quaiter  and  it  strikes  Illasiou  lake  on  the  north  side. 
From  the  southeastern  extremity  of  this  lake,  which  is  less  than 
half  a  mile  long  and  about  a  quarter  of  a  mile  broad,  located  in 
theS.  E.  i,  S.  13,  T.  64-8,  another  poi-tage  of  about  an  eighth  of 
a  mile  leiids  over  a  ridge  of  gabbro  to  Ima  lake.  Both  these 
lakes  are  set  in  a  frame  of  gabbro.  Illusion  lake  is  on  the  tran- 
sition from  schists  togabbro,aud  some  iuteresting  varieties  of  rock 
occur,  but  the  general  features  of  the  shores  of  Ima  lake  are 
monotonous.  For  this  reason  but  few  halts  are  indicated, 
though  a  large  number  of  exposures  were  examined.  Personally 
the  writer  did  not  visit  the  north  shore. 

Ima  lake  is  located  chiefly  in  sections  18,  19  and  20,  T.  64-7.  It 
has  a  length  of  about  two  mites  and  a  width  of  about  two-thirds 
of  a  mile. 

HALT  732.  N.  W.  \,  N.  E.  i,  S.  14,  T.  64-8.  A  few  rods  on 
the  portage  from  Ensign  lake.  Sericitic  schist  —  horizontal,  but 
probably  slldden  down  the  hill. 

HALTIZZ.  N.  E.  \,  N.  E.  i,  8.  14,  T  64-8.  Graywacke. 
Strike  N.  62  E. 

HALT  734.     End  of  portage,  on  Iltnsion  lake,  north  side.    The 
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rock  is  obscure.  In  places  it  has  a  diabasic  and  nabedded  aspect; 
in  other  places  it  is  distinctly  l)edded,  especially  on  veatheriog, 
and  it  looks  some  like  nascent  mica  schist.  In  many  places  it  is 
mach  inteiwcted  by  veins,  and  sometimes  presents  the  appear- 
ance of  the  "sewed-np  rock." 

SALT  735.  8.  W.  i,  8.  E.  i,  8.  13,  T.  64-8.  Elusion  lake. 
Norite  (or  gabbro).  Coarse,  dark,  disintegrating;  seams  com- 
posed of  labradorite  and  angite,  with  a  little  biotite. 

Sock  295.     Xorite  as  above. 

HALT  736.  S.  W.  i,  8.  E.  i,  8.  13,  T.  64-8.  Illusion  lake. 
Bock  the  same  as  Halt  735.  This  I  suppose  to  be  the  rock  called 
gabbro  in  the  northwest. 

HALTIZI.  9.  E.  i,  S.  E.  i,  8. 13,T.  64  8.  Illusion  lake.  Rock  as 
at  Halt  736.   Also  a  rock  similar  but  finer  and  more  like  diorite. 

SALT  7^.  Island  in  Illusion  lake,  east  of  a  little  wooded  is- 
land. Rock  bedded,  but  the  beds  are  twisted  and  wrapped  to  aa 
extreme  extent,  having  on  one  sidea  northward  dip,  and  on  the 
other  a  southward.  Most  of  the  rock  resembles  more  or  less 
completely  that  at  Halt  734,  but  generally  it  is  more  altered. 

Eock  296.     Rock  from  little  wooded  island. 

Sock  297.     Rock  from  little  wooded  island,  Illusion  lake. 

These  are  apparently  the  constitnents  of  gabbro,  but  not  yet 
organized  —  containing  also  some  biotite. 

SALT  739.     8.  E.  i,  S.  E.  i,  S.  13,  T.  64-8.     Ima  lake.     Ter- 
mination of  portage.     The  formation,  as  anticipated,  is  gabbro. 
This  rock  outcrops  at  frequent  intervals  along  the  west  shore,   ' 
and  around  the  little  bay  at  the  west  end. 

SALT  7iO.  N.  K  1,  N.  E.  t,  S.  24,  T.  64-8.  An  outcrop  of 
gabbro  mu<di  rounded  by  weathering,  and  in  a  decaying  state. 

SALT  741.     8.  E.  1,  N.  E.  i,  8.  44,  T.  64-8.     Gabbro.  - 

SALT  742.  N.  E.  i,  S.  W.  i,  S.  19.  T.  64-7.  Gabbro  in  a 
huge  tcall. 

HALT  743.     8.  "VP".  i,  8.  E.  i,  8.  19,  T.  64-7.    Gabbro. 

HALT  77i.  N.  E.  i,  8.  E.  1,  8.  19,  T.  64-7.  Gabbro.  A  soUd 
wall  extends  along  this  shore  for  the  distance  of  half  a  mile. 
Along  the  eastern  shore  gabbro  outcrops  at  frequent  intervals. 

§  25.      THOMAS   LAKE. 

In  the  attempt  to  reach  Thomas  lake  from  Ima  l^ke,  it  was 
supposed  the  stream  so  conspicuously  platted  might  be  service- 
able, but  the  outlet  at  Ima  lake  was  so  dimished  as  to  leave 
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doubt  of  ite  real  existence.  A  trail  starts  ont,  however,  on  the 
section  line  between  sections  17  and  20,  T.  64-7,  and,  in  the  course 
of  half  a  mile,  leads  to  a  lake  two-thirds  of  a  mile  long,  not  indi- 
cated on  the  plat,  though  appearing  to  lie  on  the  section  line  be- 
tween sections  20  and  21.  From  the  southern  extremity  of  this 
is  another  trail  of  a  quarter  of  a  mile,  leading  to  a  little  lake  in 
the  N.  E.  \,  S.  E.  i,  8.  29;  and  from  this  another  portage  of  equal 
length  leading  to  a  little  rounded  bay  not  represented  on  the 
plat.  This  is  a  part  of  Thomas  lake.  This  lake  is  located 
chiedy  in  T.  64-7,  but  extends  a  third  of  a  mile  into  63  7.  It  is  a 
little  over  two  miles  long,  with  a  mean  breadth  of  two-thirds  of  a 
mile.  The  lake  ia  hemmed  in  on  all  sides  by  towering  masses  of 
gabbro.  In  consequence  of  the  uniformity  of  geological  charac- 
ter but  few  halts  are  noted,  though  every  exposure  was  ade- 
quately examined.  The  northern  shore  was  not  personally  seen 
by  the  writer — a  line  of  perhaps  two  miles. 

HALT  7i5.  S.  E.  i,  N.  E.  i,  S.  20,  T.  64-7.  Swell  lake,  at 
end  of  first  portage  from  Ima  lake.     Oabbro. 

SALT  746.  S.  E.  1.  N.  E.  1,  S.  20,  T.  64.7.  Swell  Jake. 
Gabbro,  but  finer  grained,  with  much  horizontal  jointed  struc- 
ture. 

Bock  298.     Gabbro  of  finer  grain. 

SALT  7i7.  S.  E.  1,  S.  E.  J,  S.  29,  T.  64-7.  Thomas  lake. 
Gabbro,  coarse,  decaying  —  a  low  outcrop. 

SALT7^.  S.  E.  i,  S.W.  i,  S.  32,  T.  64-7.  Gabbro.  The  main 
mass  is  coarse  as  usual,  rising  in  the  point  and  passing  beneath 
water-level.  But  alwve  this,  mostly  under  water,  ai'e  plates  of 
fine-grained  gabbro,  which  arc  washed  in  targe  fragments  on  the 
beach. 

Rock  299.     Fine-gi'ained  gabbro. 
•     HALTU9.    S.  W.  i,  S.  W.    1,  S    32,  T.  64-7.     Gabbro  with 
small  crystals  not  homogeneously  distributed. 

EockSOO.     Formative  gabbro  as  above. 

Rock  301.     Gabbro  from  Halt  749. 

MALT  750.     X.  W.  \,  3.  4,  T.  63-7.     Gabbro. 

All  the  windings  of  the  west,  south  and  southeast  shores  of 
this  lake  were  carefully  examined,  and  no  rock  was  discovered 
but  gabbro,  and  little  variation  was  obser\ed  in  this,  except  in 
fineness. 
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%  26.      FBASEK  LAKE. 

Fraser  lake  lies  in  the  soatheastern  quarter  of  T.  64-7  —  being 
mostly  embi-aced  in  sections  22  and  23,  though  a  long  and  nar- 
row arm  extends  into  the  southern  part  of  sec.  27,  and  the  east 
end  reaches  nearly  to  the  middle  of  sec  24.  The  government 
plat  of  the  lake  is  exceedingly  inaccurate  and  misleading.  The 
long  promontory  shown  on  thesoutheaat  side,  instead  .of  being 
broad-based,  is  so  nearly  cut  off  that  the  water  actually  connects 
at  certain  seasons.  The  long  narrow  indentatiou  showu  as  extend- 
ing northeastward  on  the  plat-,  actually  extends  southeastward, 
with  a  long  narrow  bay  running  up  on  the  west.  Similar  mis- 
representations exist  on  the  northern  border. 

The  approach  to  the  lake  is  easy  over  a  broad  cut-out  portage 
of  a  quarter  of  a  mile  along  the  west  side  of  th«  rapids  into 
Thomas  lake.  These  may  be  found  in  S.  E.  k,  S.  W.  1,  S.  27. 
The  exit  toward  the  east  is  easily  found,  and  leads  to  a  series  of 
small  lakes  and  short  portages  into  the  Little  Sagan^a.  The 
exit  to  the  north,  however,  is  considerably  concealed.  In  the  3, 
E.  i,  3.  W.  i,  3.  14,  a  short  portage  exists  leading  iuto  a  lake 
which  the  survey  named  Wisini,  two-thirds  of  a  mile  long,  but 
not  indicated  on  the  plat.  Xo  portage  or  trail,  however,  leads 
out  of  this  lake,  and  the  survey  was  compelled  to  cnt  one  IS.  N. 
B,  into  a  little  lake  which  was  called  Syrup  lake.  Prom  the 
northern  extremity  of  this  another  portage  wa^  cut,  half  a  mile 
long,  S".  N.  E.  into  Shoofly  lake,  which  lies  mostly  in  the  S.  E. 
i,  3.  11.  Near  the  northern  end  of  this,  a  short,  dry,  mnch-nsed 
port^e  leads  westward  iutio  a  river-shaped  lake,  thence  named 
River  lake,  from  the  northern  side  of  which  at  the  elbow,  a  poor 
port-age  a  third  of  a  mile  long,  leads  north  into  the  most  sonthern 
point  of  Kekekabic  It  is  probable  Shoo-fly  lake  may  be  reached 
directly  from  Fra^r  lake,  over  a  portage  which  escaped  our  ob- 
servation. 

These  lakes  all  rest  in  depressions  of  a  great  gabbro  formation. 
On  the  northeast  of  Fraser  lake,  the  bills  of  gabbro  rise  70  or  80 
feet  above  the  lake.  It  is  in  this  formation,  as  I  am  informed, 
that  gold  was  reported  to  exist.  The  mine  for  a  time  sofamons 
is  located  on  the  north  shore,  in  3.  E.  J,  S.  W.  i,  3.  14,  T.  64-7.' 

From  the  uniformity  of  the  geology,  only  a  few  localities  will 
be  specifically  noticed. 

SALT  751.  N.  E.  i,  S.  W.  i,  S.  27,  T.  64-7.  Southern  point 
of  Fraser  lake.    Gabbro  in  a  massive  exposure.    This  is  where 
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the  road  strikes  this  lake  which  we  find  cut  out  most  of  the  way 
from  Carp  lake  —  a  winter  road  for  transportation  to  Eraser 
lake. 

Here  on  the  beach  are  fragmeuta  of  silico-argillitic  slates. 

HALT  752.  About  8.  23,  T.  64-7.  This  Halt  can  not  be  pre- 
cisely located  in  consequence  of  the  great  imperfection  of  the 
plat.  The  great  point  from  the  southeast  shore  is  deeply  con- 
stricted near  the  base— quite  unlike  the  plat.  This  isthmus  is 
not  over  four  rods  wide,  and  is  covered  in  high  water. 

On  this  I  found  large  fragments  of  sllicious  argillit& 

A  very  massive  outcrop  of  gabbro  extends  along  the  eastern 
shore  of  the  lake  north  of  thepromontoi'y. 

The  modifications  made  in  this  part  of  the  plat  could  only  in 
part  be  represented  on  the  map  accompanying  this  report. 

Wislni   lake  is  quite  walled  in  by  massive  outcrops  of  gabbro. 

Syrup  lake  is  surrounded  by  a  marsh,  except  on  the  north 
side. 

Shoo-fiy  take  is  sarrounded  by  upland  ou  all  sides. 

Much  of  the  territory  about  Fraser  and  contiguous  lakes  has 
been  burned  over.  Moat  of  this  is  now  'covered  by  a  dense 
growth  of  young  aspens. 

HALT  153.  S.  W.  i,  N.  E.  i,  S.  11,  T.  64-7.  "Muscovado 
gabbro,"  but  with  a  few  disseminated  grains  of  reddish  feldspar 
giving  the  rock  a  slightly  syenitic  aspect. 

"Muscovado"  isa  term  here  applied  to  afinely  granular  gabbro 
or  gabbroloid  having  accessions  of  reddish  feldspar  as  above 
noted,  as  well  as  a  few  disseminated  grains  of  quartz. 

This  locality  is  on  the  north  side  of  Itiver  lake  near  the  pas- 
sage north  into  the  broad  parallel  arm, 

An  outcrop  of  the  same  occui^ou  the  north  side  ofthe  north 
arm  a  few  rods  east  of  the  portage. 

g   27.      KEKEKABIC   LAKE. 

The  principal  areaof  this  lake  liesin  towQs64and  65-7,  but  a  por- 
tion of  theelongated  eastward  extension  covers  partsof  29,30,31  and 
32,  T.  G5-6.  Its  longitudinal  axis  is  4j  miles  long  and  trends  N. 
70°  E.  It  lies  in  a  broken  country,  and  several  rounded  sum- 
mits rise  from  100  to  200  feet  above  the  lake.  Its  shores  possess 
much  geological  interest  as  showing  the  transition  from  the 
gabbro  region  of  Fraser  lake  to  the  black  slates  of  Knife  lake. 
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It  affords  the  first  glimpse,  also,  of  a  remarkable  conglomerate 
Thich,  farther  east,  attains  a  great  development,  and  recetres 
the  name  of  Ogishke  Conglomerate. 

We  were  nnable  to  take  any  fish  in  this  lake  with  the  ordi- 
nary trolling  hook. 

SALT  75i.  S.  W.  i,  S.  E.  i,  S.  2,  T.  61-7.  Rock  weather- 
ing reddish,  and  when  broken  appears  to  contain  a  dark  mineral 
haringa  chloritic  aspect,  and  giving  the  whole  a  banded 
texture. 

Eock  302.    Chloritic  gneiss. 

EALT8S9.  9.  W.  ),  N.  W.  i,  S.  2.  T.  64-7.  Only  frag- 
ments, and  not  all  of  one  sort.  Many  of  reddish  chloritic  gneiss, 
like  that  seen  along  thesonth  shore. 

SALT  870.  S.  E.  i,  N.  B.  i.  S.  3,  T.  64-7.  East  end  of  Plum 
island.  Bock  of  red  feldspar  and  a  dark  chloritic  sab^nce 
with  probably  considerable  quartz.  Exceedingly  tough.  The 
constitnents  vary  in  different  parts  and  show  a  banded  arrange- 
ment. 

Bocli-  377.     Felsitic  schist. 

SALT  755.  N .  W.  i,  N .  W.  i,  S.  2,  T.  64-7".  Seems  to  be  es- 
sentially feldspar,  chlorite  and  quartz,  and  is  consequently  the 
same  rock  as  began  to  appear  at  Pipestone  fapids.  (Halts  640 
to  655.) 

Rock  303.     Compact,  chloritic  gneiss. 

SALT  S7l.  West  end  of  little  island  in  N.  W.  i,  N.  W.  i,  S. 
2,  T.-64-7.  Eoek  essentially  tike  that  at  Halt  870,  bat  contain- 
ing lai^e  crystals  of  feldspar. 

Rock378.     Porphyritic,  chloritic  gneiss. 

SALT  872.  N'orth  side  of  same  island.  Here  the  green  and  the 
feldspathic  ingredients  instead  of  being  blended  into  a  gneiss, 
remain  separate  in  bands. 

IhcJc  379.  Green  rock  and  granulitic  iuterbanded.  The  green 
portion  is  not  distinguishable  from  the  green  rock  occurring  at 
namerous  places,  and  I  feel  confident  that  it  is  essentially  chlo- 
rite, and  the  dark  shining  scales  are  chlorite. 

This  formation  presents  a  rude,  nearly  horizontal  bedding. 

SALT  75Q.  a  E.  1,  S.  E.  i,  S.  35,  T.  65-7.  Chloritic  gneiss, 
similar  to  Bock  303,  but  the  orthoclase  occurs  in  larger  grains, 
from  a  sixteenth  to  half  an  inch  in  longest  dimension.  The 
forms  and  positions  of  these  grains  indicate  a  bedded  inflaeuce 
in  the  rock. 

Rock  304.     Compact,  chloritic  gneiss,  coarser  grained. 


.vGoogIc 


150  FIFTEENTH   ANNUAL  HEPORT 

HALT  757.  H.  E.  \,  S.  W.  t,  8.  36,  T.  65-7.  West  end  of 
Stacy  island.  This  seems  to  be  essentially  the  same  so^t  of  rock 
in  which  the  feldspar  has  accnmnlated  in  a  porphyritic  fashion. 
This  sort  of  porphyry  is  what  I  subseqaently  designated  "  por- 
phyrel."  It  contains  here  small  black  scales  of  apparently 
chlorite. 

Rock  382.  A  small  piece  of  this  porphyrel  showing  indication 
of  couglomeritic  constitution. 

Rock  306.     Chloritic  porphyrel. 

SALT  758.  On  south  side  of  Stacy  island.  Clifis  sixty  feet 
high,  broken  down  vertically.  Rock  is  bedded  somewhat  ob- 
scurely. Strike  N.  53"  E.  Dip  N.  85°.  Formation  consists  of 
gneissic  beds  similar  to  those  last  described,  alternated  with 
dark — perhaps  slightly  greenish,  but  distinctly  blackish  — 
heavy  beds  having  a  slaty  aspect. 

Rock  306.  Slate,  compact,  argiUitic,  as  above,  with  some  feld- 
spar crystals. 

SALT  759.  Near  eastern  end  of  Stacy  island.  At  the  bot- 
tom of  the  bluff  a  well-marked  conglomerate  rises  above  water- 
level.  It  weathers  rough,  is  slightly  brecciated,  dark  colored, 
composed  of  frt^meuts  of  fine  diabase,  dark  siliciuas  schist,  red 
jasper,  black  flint,  all  imbedded  in  a  fine  matrix  of  dark  color, 
looking  somewhat  like  the  overlying  dark  slate.  The  conglom- 
erate dips  N.  70°,  with  a  strike  N.  52°  E. 

The  conglomerate  is  apparently  conformable  with  the  over- 
lying formation,  and  passes  upward  into  it  through  the  interven- 
tion of  a  partial  conglomerate  and  rough,  uneven  bed. 

Rock  307.     Conglomerate  from  ^tacy  island. 
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On  the  main  shore  Dearly  opposite,  and  extending  eastward, 
are  cliffe  eighty  feet  high,  composed  like  Stacy  island,  of  dai-k, 
very  compact  schist,  and  having  conglomerate  at  water-level. 

SALT  760.  S.  W.  i,  N.  W.  i,  S.  31,  T.  65-6.  Compact,  dia- 
base-like grooadmafis,  with  disseminated,  rectangularcrystaiaof 
feldspar. 

Rock  308.     Porphyritic,  diabase  schist. 

HALTIGI.  a.  E.  i,  N.  B.  i,  S.  30,  T.  65-6.  Compact,  por- 
phyritic diabase. 

Rock  309,     Porphyritic  diabase. 

Back  from  the  shore  a  bluff  rises,  composed  of  a  fine,  slate- 
colored  rock,  distinctly  bedded  and  resenibliog  the  compact 
slate  of  Stacy  Island.  The  dip,  if  I  do  not  mistake,  is  N.  35° 
and  the  strike  is  Jf.  28°  E  —  both  quite  anomalons. 

I  attempted  to  find  the  relation  of  the  slate  and  the  diabase; 
and,  climbing  to  the  top  of  the  cliff,  found  a  mass  of  the  diabase 
which  I  traced  down  to  a  level  ten  or  fifteen  feet  below  the  oc- 
currence of  slate,  and  hence  I  inferred  that  it  intersects  the 
slate.  lu  fact,  I  uncovered  almost  to  the  plane  of  contact. 
I  was  thus  led  to  think  the  diabaRe  erupted.  Thirty  feet 
west,  however,  actual  contacts  were  easily  seen,  but  they 
ai'e  not  dike-like.    Fragments  of  the   diabase  occur  within  the 
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state,  and  the  transitiou  between  them  is  Dot  abrupt,  but  grad- 
ual. The  slate,  however,  in  the  vicinity,  is  hardened  and  di- 
abasic 

Rock  310,     Dark  slate,  ailicions. 

Rock 3]1.     Slate-colored  slate,  softer. 

Rock  ^12.    Fi-om  a  dike  across  the  slate. 

HALT7&2.  S.  E.  J,  N.  E.  J.  8.  31,  T.  6.5-6.  Shale,  hard, 
varying  from  a  slaty  condition  to  a  diabasic.  I  find  the  diaba- 
sic  poitions  included  In  the  slaty.  The  slaty  strneture  is  ver- 
tical and  strikes  X.  1^°  E. 

KALT7Q3.  S.  W.  i,  K  W.  J,  S.  32,  T.  65-6.  Fine,  hard, 
brittle  diabasic  rock,  with  a  subslaty  structure. 

HALT  76i.  S.  W.  i,  N.  W.  i,  S.  32.  T.  65-6.  Fine,  hard, 
bluish-slate,  weathering  light.  The  most  conspicuous  slatiness  is 
nearly  horizontal,  but  plates  split  also  in  a  vertical  direction; 
and  this  vertical  cleavage  seems  to  be  coincident  with  the  bedding. 

Rock  313.    Fine,  hard,  bluish  slat«. 

HALTnb.     S.  B.  J,  S.  W.  i,S.  29, T.  65  6.    Diabaaic slate. 

EALTl^Q.  S.  E.  J,  S.  W.  i,  S.  29,  T.  06-6.  At'portage  east- 
ward, Diabasic  slate.  A  lai^ie  and  lofty  ex:posure.  There 
seem  to  be  sedimentary  bedding  planesstaudiug  nearly  vertical, 
and  having  strike  N.  23°  B.  There  is  also  an  extensive  set  of 
planes  of  schistosity  striking  N.  87°  W. 

ABcending  the  hill  on  the  west  I  find  the  slatiness  of  the  for- 
mation not  much  apparent  except  in  weathering.  I  find  many 
intrusioiis  of  diabase  and  porphyritic  material,  sometimes  in  the 
form  of  dikes,  sometimes  by  mixing  with  the  slate  and  being  in- 
cluded in  it. 

On  the  sammit,  which  is  perhaps  100  feet  above  the  lake,  I 
find  the  strike  N.  38°  E.,  and  the  dip  S.  85°.  The  glacial  stri® 
are  S,  18°  W, 

SALTM6.  9.  E,  (,  S.  W.  \,  S.  29,  T.  65*.  Porpbyrel  quite 
distinctly  conglomeritic.  , 

Rock  362.     Porphyrelfrom  Halt  845. 

HALT%A&.  a.  B.  \,  S.  E.  \,  S.  30,  T,  65-6.  Foot  of  Mailman's 
peak.     Graywacke-like  and  silicious  slate. 

Rock  363.     Gray wacke- tike. 

The  formation  presents  portions  which  are  almost  seriicitlc. 

Mailman's  pe^k,  as  ascertained  by  aneroid,  is  230  feet  high  — 
above  the  lake, 

A  sample  of  the  rock  from  the  snmmit  is  not  different  from  the 
gray  rock  at  the  base. 
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HALTM7.  N.  E.  i.  N.  E.  1,  S.  31,  T. 
of  a  dike  rise  above  water  off  foot  of  Mall 
S.  2°  W.,  and  about  15  feet  in  diameter.  £ 
witli  it  on  east  and  west. 

Bock  363.     Dike  rock  from  Halt  847  — d 

HALT  fas.  S.  E.  1,  X.  W.  1,  S.  31,  T. 
hard  slate  breaking  down  in  square  columi 
^  SALT  843.  S.  W.  \,  S.  W.  1,  9.  20, 
composed  of  the  rock  which  I  have  designa 
qnite  similar  to  the  rock  at  H>Ut  842,  in  Z( 
tioned  hereafter.  It  contains  many  cryata 
lie  with  their  longer  axes  in  same  direction 
(individuals)  also  are  rounded,  and  present 
of  radial  reflections.  Some  have  a  defitii 
the  centre,  with  an  imperfect  crystalline  en' 
dark  mineral,  apparently  hornblende  or  c 
The  rock  contains  also  green,  chlorite-looki 
eight-sided  prisms — also  some  traces  of  epi 
ther  includes  pebbly  forms  obscurely  isol 
porphyritic. 

Roclc  360.     Porpbyrel  from  Halt  843. 

HALT  844.  S.  W.  k,  S.  W.  i,  S.  29,  T.  ' 
bay  at  foot  of  Mailman's  peak.  The  rock  b 
but  the  groundmass  is  more  granular  and  • 
quartt.  One  large  crystal  of  feldspar  is  no 
in  the  centre  an  aggregation  of  small  cryste 
mineral.  Inclosed  in  the  formation  are  t 
highly-altered  slate,  and  the  formation  exh 
state. 

Rock  361.     Porpbyrel  from  Halt  844. 

HALT8i9.  X.  E.  i ,  K.  W.  i,  S.  31.  T. 
line  rock  with  black  specks.  Probably  sim 
bedded. 

■  HALT  850.  K  W.  i,  X.  W.  1,  S.  31,  T. 
schist — uniform  in  color  and  composition- 
Strike  N.  68°  W.     Dip  vertical. 

Rocl-  364.     Chlorite  schist. 

HALTtial.  N.  E.  i ,  K.  E.  i,  S.  3«.  T.  0 
narrows.  Porphyritic  boss  at  the  angle  of  n 
a  superabundance  of  elongated  feldspar  crys 
green  gronndmass,  some  green  crystals  appei 
in  transformation  to  mica.     Much  of  the  po 
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dish.  There  is  no  qaartz.  I  see  again  a  feldspar  crystal  with  a 
globule  of  greeu  miDeral  in  the  centre.  The  rock  contains  fre- 
quent subangular  fragments  of  a  green  rock  wbicli  itself  has  an 
erupted  aspect — in  fact  is  exactly  like  the  Ogiabke  greenstone, 
found  on  a  mountain  south  of  Campers'  island. 

Rock  Tes.     Porphyrel  from  Halt  851. 

Back  of  this  bluff  is  a  ridge  which  isatflrstheterogeneously  por- 
phyritic  and  unporphyritic — in  places  a  green  rock  (366)  —  and 
then  passing  toward  the  summit  into  hard  banded  slates. 

Rock  36ft.     Green  rock  in  ridge  back  of  Halt  851. 

ffALT8o2.  N.  E.  i,  N.  E.  },  S.  36,  T.  65-6.  Here  a  boss  of 
conglomerate  with  a  green  groundmass  rises  above  the  Burfoce, 
and  the  porphyrel  of  Halt  851  rests  upon  it  on  the  east  and 
west,  thus: 


The  greenish  rock  is  the  same  as  Rock  366,  in  which  I  did  nob 
notice  any  pebbles. 

Rock  367.     Chloritic  conglomerate.  • 

BALT  853.  N.  W.  i,  N.  E.  \,  S.  36,  T.  65-7.  Chloritic  slates. 
Dip  W.  80°. 

HALTS&i.  N.  E.  },  S.  E.  \,  S.  34,  T.  65-7  (approximately). 
Slates  appear  on  the  beach. 

Back  from  the  beach  green  schists  are  a^ain  seen,  and  these 
are  conglomeritic  in  occasioual  bands. 

Roek  368.     Green  conglomeritic  schist. 

The  slates  on  the  beach  are  about  the  same. 

SALT  ^6.  N.  W.  J,  S.  E.  \,  S.  34,  T.  65-7.  Slate.  Strike 
N.  52°  E.     Dip  vertical. 

HALTS5&.  N.  W.  i,  a.  E.  1,  S.  34,  T.  65-7.  Slate argillitic. 
Dip  about  vertical. 

HALTBni.  N.  E.  i,  S.  W.  1,  S.  34.  T.  65-7.  Green  bedded 
rock  like  that  at  Halt  854.  It  also  presents  a  conglomeritic  ap. 
pearanee  in  some  of  the  beds.  The  dip  —  if  I  have  not  mistaken 
it  —  is  W.  75°,  but  there  is  much  uncertainty  about  it.  A  few 
rods  west,  the  dip  of  the  schists  seems  to  be  vertical. 
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Rock  369.    Greeii  couglomeritic  schist. 

ffALTS58.  N.  E.  J,  S.  B.  i,  S.  34,  T.  65-7.  The  point  just; 
mentioned.  The  mean  attitude  of  the  beds  is  vertical,  and  tbey 
are  curiously  eroded  by  the  water  —  having  open  arched  spaces. 

SALT8S9.  N.  E.  i,  S.  W.  i,  S.  34,  T.  65-7.  Rock  of  same 
external  aspect  as  last,  even  to  greenish  color;  bnt  it  is  hard  and 
dark-gray  when  broken. 

SALTS60.  N.  W.  i,  N.  W.  },  S.  3,  T.  64-7.  Pine,  dark,  si- 
lious  argillitic  schist,  bnt  strike  and  dip  indeterminate. 

HALT  mi.  N.  W.  i,  N.  W.  i,  S.  3,  T.  64-7.  Pine,  darksili- 
clous  argillite,  less  flinty  than  at  Halt  860.  The  bedding  in  a 
part  of  the  exposure  is  very  distinct  and  slaty,  and  gives  strike 
N.  48°  "W.  and  dip  50°  N.'  B.  There  is  also  a  schistosity  which 
strikes  N.  42°  E. 

HALTp&2.  S.  W.  \,  N.  W.  t,  S.  3,  T.  64-7.  Fine  granulitic 
schist,  composed  mostly  of  reddish  feldspar  and  a  little  quartz 
with  streaks  of  epidote,  and  some  blotches  of  dark  chloritic  rock 
included. 

Bock  370.    Fine  reddish,  granulitic  schist. 

SALTmS.  Ten  rods  north  of  862.  Rock  intermediate  be- 
tween that  of  861  and  862. 

Rock  371.  Granulitic  schist  or  gneiss,  with  distinct  grains  of 
reddish  feldspar  and  a  greenish  coloring  matter.  No  mica.  Com- 
pare with  Halts  753,  754  and  755. 

SALT  864.  JT.  E.  1,  S.  E.  \,  S.  4,  T.  64-7.  Gabbroloid  rock, 
greenish -gray,  weathering  very  rough  —  the  surfaces  looking 
congtomeritic,  but  not  truly  so.  Mass  of  rock  consisting  of 
small,  grouped,  greenish  laminae.  Cannot  determine  whether 
it  is  feldspathic  or  chloritic 

.Bocft  372.     Gabbroloid  rock. 

HALTm5.  S.  W.  \,  S.  W.  J,  8.  3,  T.  64-7.  Essentially  the 
same  as  at  Halt  864,  but  not  weathering  so  rough.  Has  the 
weathered  aspect  of  gabbro. 

Rock  373.  Gabbroloid.  Is  more  distinctly  crystalline  than 
372,  and  more  gabbro-like. 

SALTm&.  B.  E.  i,  S.  E.  \,  S.  3,  T.  64  7.  Rock  seems  com- 
posed largely  of  reddish,  granular  feldspar,  with  some  quartz. 
There  is  also  some  black  mica  present,  and  finally,  an  undefined 
greenish  constituent. 

Rock  374.     Gneissic  rock. 

SALT  867.  S.  W.  i,  S.  W.  },  S.  2,  T.  64  7.  Only  fragments  on 
shore,  but  they  are  all  of*  one  kind.     Composed  of  reddish  feld- 
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spar,  quartz  and  a  chlorite-like  miDeral,  with  some  mica.  Coti- 
taioe  numerous  dark -green  fragments. 

RockS75.     Chloritic  geoisa, 

HALT  8^.  S.  E.  i,  S.  W.  i,  9.2,  T.  64-7.  Eock  composed 
of  red  and  pale-dan  feldspars.  Quartz,  if  present,  not  detected. 
Mica  wanting  and  the  greenish  mineral  is  wanting. 

Roclc  376.     Subgrannlar  felsite. 

§  28.      OGISHKE-MUNCIE   LAKE. 

From  the  ttastern  extremity  of  Eekekabic  to  Ogishke-miincie 
is  only  a  little  more  than  a  mile  and  a  half,  but  the  route  of 
travel  is  about  two  miles  and  a  half,  aitd  passes  over  seven  small 
lakes  aud  eight  short  portages.  The  lakes  have  been  named  in 
succession,  Alpha,  Beta,  Gamma,  Delta,  Bpsilon  and  IJike lakes, 
lying  in  the  southwestern  part  of  T.  65-6,  Epsilon  is  the  most 
considerable,  having  an  east  and  west  length  of  a  mile  and  a 
quarter;  but  only  the  eastern  extremity  lies  in  the  route.  It 
approaches  very  near  the  IVth  Arm  of  Knife  Lake,  aud  is  con- 
nected by  a  portage.  Zetalake  is  next  in  importance,  having  a 
length  of  a  mile,  and  in  one  part,  a  breadth  half  as  great.  These 
little  lakes  are  nested  in  basins  of  massive  conglomerate  alter- 
nating with  hard  slates  mostly  argillitic  and  graywackenitic. 

Ogishke-muncie  is  a  very  irregular  lake  lying  mostly  in  ti:e 
southern  half  of  T.  65-6.  Its  main  axis  trends  N.  30°  E. 
and  its  length  is  3i  miles — the  whole  length  of  the  lake  being 
four  miles,  and  its  mean  breadth  about  a  third  of  a  mile.  In  S. 
E.  i,  S.  23,  it  is  contracted  to  a  sixteenth  of  a  mile.  Just  west 
of  the  narrows  is  Campers'  island,  so  named  from  its  extensive 
use  for  camping  purposes.  Originally  covered  with  small  Nor- 
way and  Jack  pines,  these  have  been  almost  completely  exhaust- 
ed for  fuel. 

The  features  of  the  land  are  decidedly  bolder  than  about  the 
western  lakes.  Ranges  of  conglomerate  obscurely  bedded  rise 
on  many  shores  in  imposing  masses;  aud  these  are.  on  the  north- 
west borders,  conspicuously  ioterbedded  with  vertical  sheets  of 
hard  argillite.  On  the  north  these  rocks  attain  an 
altitude  of  a  hundred  feet.  On  the  south  they  are  succeeded,  in 
the  more  lofty  ranges,  a  few  miles  back,  by  a  green  formation, 
here  called  "greenstone;"  and  still  further  back  in  the  highest 
hills,  by  an  enormous  overflow  of  gabbro. 

The  country  is  uninviting  to  agriculture.     Bai'e,  broad,  dome- 
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shaped  expanses  of  conglomerate  are  separated  by  narrow  tam- 
arack swamps,  and  the  soil-covered  slopes  are  occapied  by  as- 
pens, which  in  places  certainly  have  supervened  on  extensive 
burnings.  The  interior  was  explored  on  the  northaod  the  south 
to  the  distance  of  abont  two  miles,  and  many  carefnl  and  deliber- 
ate observations  were  made  along  all  the  shores. 

SALT  7&7.  N.  E.  i,  S.  W.  t,  8.  29,  T.  65-6.  North  end  of 
Alpha  lake.  Bock  similar  to  that  at  Halt  766,  but  perhaps 
weathering  a  little  more  slaty.  In  fact  it  may  probably  be  styled 
a  silicious  and  metamorphic  argillite. 

The  portage  to  Beta  lake  is  about  30  rods. 
HALT7GS.    Near  centre  S.  29,  T.  65-6.    Same  formation,  but 
more  distinctly  slaty.     Some  parts,  when  broken,  are  well-char- 
acterized argilliiie.     Strike  N.  52°  E.     Dip  vertical. 

In  the  blnff  near  by,  the  formation  weathers  into  chips  by  the 
increase  of  the  slaty  matter  interposed  between  the  layers  of  the 
more  silicious  and  feldspathic  matter. 

HALT  7Q9.  S.  E.  i,  N.  E.  i,  S.  29,  T.  66-6.  Graywackenitic 
slate,  intersected  by  veins  of  quartz  and  of  chloritic  material. 

SALT  770.  a.  E.  i,  N.  E.  i,  S.  29,  T.  ^5-6.  Port^e  to  Gam- 
ma lake.  Eock  very  similar  to  that  at  I^lt  766.  Very  distinct 
alternating  bands,  more  and  less  slaty.  Strike  N.  34°  E.,  sinu- 
ous.    Dip  vertical. 

This  portage  is  20  rods  long,  but  rough  and  difBcult. 
SALT  771.     S.  E.  (,  N.  E.  i,  8.  29,  T.  65  6.   Portage  to  Delta 
lake.     The  rock  continues  as  at   Halt  766  —  a  graywackenitic 
slate,  hard,  compact,  jointed,  but  distinctly  bedded. 

SALT  772.  N.  W.  i,  N.  W.  i,  S.  28,  T.  65'-6.  Graywacken- 
itic argillite,  with  some  of  the  beds  quite  perfectly  a  slate,  and 
others  granular. 

Bocl-  314.     Argillite  from  Halt  772. 

HALT  773.  S.  E.  1,  S.  W.  1,  S.  21,  T.  65-6.  Portage  out  of 
Delta  lake.  Fine  hard  argillite,  rather  slaty.  I  find  some  good 
for  whetstones.    Strike  N.  14°  E.      Dip  S.  75°. 

HALT  774.  K  E.  1,  N.  W.  i,  S.  28,  T.  65-6.  Portage  out  of 
Epsilon  lake.     Slates  similar  to  the  recent  observations. 

SALT 775.     Centres.  28,  T.  65  6.     Porphyry,  extending  for 
at  least  four  rods  along  the  beach.     An  earthy  green  base  toler- 
ably compact,  filled  with  whitish  feldspar  crystals. 
Bock  315.     Porphry.     (Porphyrel.) 

SALT  776.  Six  I'Ods  north  of  Halt  775.  A  dark  rock  appar- 
eutty  eruptive — but  probably  not  completely  so — lying  at  wa- 
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ter's  surface,  and  rising  five  feet  above,  having  a  decidedly  dia- 
basic  look.     It  rises  in  a  vei-tical  wall. 

Above  this,  porphyry,  some  with  reddish  feldspar.  It  seems 
to  have  overflowed  the  diabase — assnmlDg  the  strnctnreof  near- 
ly horizontal  beds.  But  still  I  can  not  be  certain  that  this  is  an 
oveiflow.  Further  on,  the  porphyry  comes  down  to  the  water's 
edge. 

Rock  316.     Porphyry  with  reddish  feldspar. 

Book  317.     Diabasel  under  porphyry. 

SALT  842.  S-W.  i,  N.  E.  i,  S,  28,  T.  65-6.  Zeta  lake,  north 
side  of  narrows,  near  Halt  776.  Here  is  a  porphyry-like  rock 
having,  like  that  at  Halt  776,  all  the  general  appearance  of  an 
ordinary  porphyry.  Nevertheless,  it  contains  ti-aces  of  foreign 
fragments.  The  base  is  not  completely  homogeneons.  Here  es- 
pecially can  be  seen  hornblende  somewhat  extensively  dissemi- 
nated. 

Soek  369.    Porphyry-like  rock. 

A  careful  study  of  the  rock  under  the  lens  shows  that  it  is 
crystalline,  with  a  line,  dark -green  base  or  gronndmass.  More, 
over,  the  rock  seems  tg  be  rather  the  groundmass  simply  of  the 
conglomerate  of  the  region — that  is,  an  aspect  of  the  wide-spread 
Ogishke  Conglomerate.  This  groundmass  may  differ  in  some  im- 
portant respect  from  the  groiindmass  of  the  conelomerate  north  of 
Campei's'  island,  which,  undoubtedly,  is  a  bedded  rock,  and,  in  all 
probability,  a  sedimentary  rook,  though  highly  metamorphosed; 
still,!  do  not  discover  as  yet  any  important  differences.  I  incline 
tothiuk  both  rocks  frgamental  primordially,  andtheporpbyritie 
characters  here  and  elsewhere  seen,  as  superinduced  by  met^amor- 
phism,  secondarily.  I  see  no  objection  to  regarding  some  of  the 
feldspar  fragments  as  sedimentary,  and  the  quartz  grains  as 
largely  so;  but  this  does  not  preclude  the  porphyritization  of 
portions  of  the  rock  adapted  to  that  change. 

According  to  my  view  this  rock  was  not  originally  molten.  It 
is  not  an  eruptive  rook.  It  is  not,  therefoi-e,  a  typical  por- 
phyry. It  bears  obscure  marks  of  sedimentation  —  even  of  con- 
glomeritic  accumulation;  yet  it  is  distinctly  and  typically  por- 
phyritic.  It  is  not  a  porphyritic  conglomerate,  for  the  con- 
glomcritic  character  is  the  least  observable  feature.  It  is  not  a 
purely  sedimentary  accumulation  of  individuals  of  feldsimr  in  a 
primitive  mud,  for  too  many  of  the  crystals  retain  their  angles 
nnimpared.  We  need  t^ain  some  new  designation,  and  I  will, 
at  least  provisionally,  use  the  following: 
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PORPHYEEL  —  A  diminutive  of  porphyry.  A  rock  Iwiving 
a  porphyritic  aspect,  bat  witboat  a  homoiceneoas,  feldspathic 
base — not  primitively  erupted,  Uke  porphyiy,  but  originally 
sedimentary,  or,  at  least,  igaeo-aqueoasln  origin,  and  secondarily, 
subjected  to  powerful  metasomatic  action,  involving  especially 
feldspar-development. 

lincUnetotheopinion  that  nearly  or  quite  all  the  "  porphyry  " 
associated  with  the  schists  and  conglomerates  of  this  region  pos- 
sess the  character  of  porphyrel. 

SALT  777.  N.  E.  i,  8.  E.  i,  8.  28,  T.  65-6.  Entrance  to  Dike 
lake.  Slate,  dark  slate  color,  compact  but  ai^illitic.  Strike  N . 
17°  E.  Dip  vertical.  Back  from  the  beach  rises  a  hill  composed 
of  conglomerate.  The  pebbles  consist  of  granite,  diabase,  flint 
and  a  greenish  aphanitic  rock;  and  there  is  a  groundmass  tif 
diabasic  or  graywackenitic  material.  In  parteof  the  conglomer- 
ate are  disseminated  gi-ains  of  glassy  quartz,  giving  the  rock  a 
porphyritic  appearance;  aud  ou  the  weathered  surfaces,  white 
feldspathic  grains  come  iuto  view,  strengthening  the  porphyritic 
indications.  The  feldspar  can  also  be  seen  in  some  fresh  frac- 
tures as  ill-defined  nuclei. 
Rock  318.  Conglomerate  from  Halt  777. 
Bock  319.     Porphyritic  conglomerate. 

The  different  portions  of  the  conglomerate  are  readily 
scratched  with  the  knife.  The  pebbles  are  mostly  with  rounded 
angles.  9ome  attain  a  diameter  of  ten  inches.  Some  are  them- 
selves porphyritic  with  quartz. 

The  weathered  surfttFce  everywhere  exhibits  what  I  feel  con- 
strained to  regard  as  fiowage  lines.  Fibres  and  sheets  are  wrap- 
ped around  the  pebbles.  The  longer  axes  of  the  pebbles  do  not 
lie  in  any  fixed  direction.  I  can  not  detectany  genaral  bedding 
planes,  though  joints  intersect  the  formation  chiefiy  in  two 
directions,  N.  48°  W.  and  N.  11*  W.  There  is  also  a  tendency 
to  rude  horizontal  bedding. 

Proceeding  to  the  summit  of  this  hill,  I  find  some  indications 
ofbeddingwhichstrike  N.  42°  E.  and  dip  south  80°. 

The  pebbles  are  arranged  in  courses  alternating  with  belts 
containing  much  smaller  pebbles.  These  bands  are  many  times 
repeated. 

Some  of  thegroundmass  hasevery  appearance  of  diabase,  quite 
like  that  under  the  porphyry  at  Halt  776. 

Bock  320.     Diabasic  groundmass  of  conglomerate. 


.vGoogIc 


160  FIFTEENTH   ASNUAL  HEPOBT 

Some  of  the  pebbles  are  themselves  porphyry,  resembling  the 
porphyrel  at  Halt  T77. 

The  contact  between  the  slate  and  conglomerate  is  not  abrupt, 
bnt  by  steps,  somewhat  as  shown  by  the  following  figure: 


I^i-a.4.9.  Cent^^  of  sYate.  an^  Cil7^^7c?rL&r^lte.  at 
i;>i<  nikmliirs    r*fer  t«    tk«    toeW- *t.y\Ki    «f    iK*.   Report. 

The  view  is  taken  looking  soatheast.  The  strike  is  N.  22°  E. 
On  the  north  is  the  characteristic  slate  (321).  Neit,  slate  mixed 
with  porph^ritic  material.  (In  322  it  is  granitic.)  Then  a 
graywackenitic  mass  with  often  faint  outlines  of  pebbles  (323). 
N'ext,  more  distinct  pebbly  outlines  with  still  some  slate 
(324).     Lastly  the  well-developed  conglomerate. 

Rock  321.    Slaty,  micaceous  argillite. 

Rock  322.     Slate  and  granular  rock. 

BockZ2Z.   Slate  with  outlines  of  pebbles. 

Rock  324.     Black,  silicious  argillite.    Halt  778. 

//ALT778,  N.  W.  i,  S.  W.  1,  8.  27,  T.  65-6.  Portage  from 
Dike  lake.  Dark  slates  standing  vertically.  Strike  K  30°  E. 
Dip  S.  85°. 

HALT  787.  8.  E.  i,  S.  W.  1,  S,  27,  T.  65-6.  Ogishke-muncie 
lake.     Slate,    Dip  S.  66°. 

HALT7S8.  8.  W.  1,  S.  E.  1,  S.  27,  T.  65-6.  Conglomerate, 
but  having  a  different  aspect  from  that  on  nortn  shore.  The 
groundmass  is  a  brighter  green.  Many  of  the  pebbles  are  of 
similar  material.  The  pebbles  are  more  angular  and  less  dis- 
tinctly defined. 

IiALr7H9.  N.  W.  I,  S.  E.  1,  S.  27,  T.  65-6.  Conglomerate 
like  that  at  Halt  788. 

HALT790.  S.  E.  i,  S.  R  1,  S.  27,  T.  65-6.  Almost  a  strict 
diabase,  but  in  portions  containing  rounded  pebbles,  mostly  not 
very  distinctly  isolated.  The  rock  seems  to  be  a  superfinons  sup- 
ply of  groundmass. 
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SALT  791.  N.  E.  i,  S.  E.  i,  8.  27,  T.  65-6.  Same  as  at  Halt 
790. 

HALT  mi.  N.  W.  }.  8.  W.  ^  S.  26,  T.  65  6.  Conglomerate 
witb  rounded  pebbles,  the  whole  rock  having  a  diabasic  aspect. 

HALT  793.  8.  W.  1.  N.  W.  i,  8.  20,  T.  05-6.  Rook  looking 
like  a  niiUiS  of  greeastone  —  breaks  and  weathers  like.it  —  bub 
the  outlines  of  pebbles  can  Ite  ti'aced  in  many  places,  and  there 
are  lines  of  bedding  olistmrely  visibli-.  It  is  truly  diabasic  in 
outer  appeivranee,  biitscenis  to  have  resulted  from  the  softening 
of  a  congloniemte. 

H.\LT1i\i.  8.  E.  1.  N.  W.  I,  S.  26,  T.  65-6.  Diabasic  con- 
glomer.itc  still.  Plenty  of  large  rounded  ptibbles  traceable  on 
woiitbered  surfaces. 

HALTna.  N.  E.  1.  8.  \V.  \,  S.  26,  T.  H.-J-fi.  Bhick  slate  mneh 
onimpled  and  baked.    Striki' X.  22°  E.    DipS.  iSO". 

HALTSil.  X.  E.  I,  a.  W.  \,  S.  2«,  T.  65-6.  Across  the  rap- 
ids from  795.  Much  altered,  dark  argiltites  appearing  in  the 
bluff — the  continuation  of  those  at  Halt  795.  They  are  here  in- 
tersected by  an  abrupt  transition  to  rock  which  appears  to  bo 
erupted. 


The  above  is  a  view  of  the  face  of  the  bluff  somewhat  in 
perspective.  H  represents  the  slates  striking  S.  52°  W,  and  dip- 
ping N.  E.  E  is  the  eruptive  rock,  cutting  otf  the  strata  of  8  as 
if  it  were  a  dike.  On  the  top  of  the  hill,  four  or  five  rods  from 
S,  tjie  slate  rtfappeai'S  with  a  strike  X.  .'{7°  E.  The  above  cut 
represents  nearly  a  horizontal  projection  of  the  exposure.     The 
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nataral  ioi'erence  is  that  this  eraptive  rock  is  a  dike.  That  it 
has  locally  disturbed  the  strata  isshowD  by  the  evident  discord- 
dance  of  S  and  B,  and  also  by  the  fact  that  the  shales  two  or 
three  rods  further  west,  have  a  strike  N.  38°  E,  with  a  dip 
rather  south  of  east,  which  is  about  normal  and  agrees  with  the 
observations  at  Halt  795, 

Roek  339.     Eruptive  rook,  Halt  811. 

Mock  340.     Slate,  Halt  811. 

SAZTJW.  S.E.  J,  N.  W.  },  S.  26,  T.  65-6.  Little  islaud. 
Sericitic  schist,  very  ferruginous  and  quite  chloritic. 

ffALT797.  N.  W.  J,  X.  E.  i,  S.  'ZH,  T.  65-6.  Diabasiccon- 
glomerate. 

HALT  798.  8.  "W.  i,  S.  E.  i,  S.  23,  T.  65-6.  Sericitic  schist 
again,  but  it  graduates  by  namelesstraDsitionsinto  the  prevailing 
diabasic  conglomerate. 

This  completes  the  proof  that  the  slates  and  conglomerate  be- 
long to  one  formation,  and  that  they  are  a  prolongation  from 
Vermilion  lake. 

Rock  326.     Diabasic  groandmasa  from  Halt  786. 

Rock  327.  I nterlami nations  of  slate  and  groundmasa,  Halt 
786. 

Roek  328.     Green  diabasic  groundmaas,  Halt  788. 

Rock  329.    Diabasic  groundmass  from  Halt  790. 

Roek  330.     Sericitic  schist  from  Halt  796. 

Roek  331.     Sericitic,  chloritic  schist  from  Halt  798. 

Rock  332.    Sericitic,  first,  gradation  toward  diabase. 

Rock  333.     Sericitic,  second,  gradation  toward  diabase. 

Rock33i.  Sericitic,  third,  gradation  toward  diabase — the 
change  complete. 

The  specimens  331-334  were  collected  within  fonr  feet  of  each 
other.  There  is  a  point  of  a  hill  which  at  the  extremity  is  seri. 
citic,  but  this  for  a  thickness  of  three  feet  only.  The  rock 
crumbles  to  chips  and  resembles  in  every  way  the  sericitic  schists 
seen  at  Yermilioo  lake.  Just  back,  and  at  a  higher  level,  the 
roi^  is  more  solid.  A  little  further  back  it  is  still  more  solid, 
and  looks  much  like  a  massive  chlorite  rock  (333).  Finally,  the 
veil-marked  groundmass  rock  appears  and  constitutes  the  bulk  of 
the  exposure  (334). 

HALT  719.  8.  E.  i,  S.  W.  \,  S.  23,  T.  65-6.  CAMPERS' 
ISLAND.     Conglomerate. 

SALT  7m.  K.  E.  1,  S.  W.  1,  S.  23,  T.  65-6.  Opposite  Camp- 
ers' island,  north  side.     Conglomerate,  but  very  extraoi'dinary. 
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The  formation  is  cnt  up  by  joints,  as  if  an  empted  rock.  Groaod- 
mass  is  the  priocipal  part.  It  is  composed  of  two  varieties  of 
feldspar  and  considemble  qnartz  in  disseminated  grains. 

Ascending  to  the  snmmit  of  tiiis  cliff  I  find  evidences  of  bed- 
ding, and  I  think  they  are  unmistakable.  They  consist  in  the 
alternnting  arrangement  of  the  materials.  They  show  a  Dip  S. 
65°  and  a  strikeN.  42°  E.  Toward  the  top  the  pebbles  are  more 
abundant  and  more  isolated  from  the  matrix,  but  this  can  hardly 
have  any  significance.     In  some  beds  they  lie  as  thick  almost  as 


HALT  781.  S.  E.  K  S.  W.  i,  3.  23,  T.  65  6.  Conglomerate 
not  notably  different  from  that  at  Halt  780.  This,  however,  is 
much  broken  down,  forming  a  massive  talus. 

HALT  782.  N.  W.  J.  N.  W.  i,  S.  26,  T.  65-6.  Dark  argillite, 
well  characterized.     Strike  N.  47°  E.     Dip  nearly  vertical. 

On  the  northwest  occui-s  the  conglomerate.  The  slate  in  the 
vicinity  for  two  or  three  rods  is  a  little  more  rough.  The  Junc- 
tion is  perfectly  abrupt,  and  continues  on  an  almost  rigidly 
straight  line  from  the  shore  forten  rods  back.  On  thesurface, 
the  appearance  is  like  this: 


Looking  K  43°  W. 

On  the  west  side  of  this  headland  oecnra  again  the  junction 
between  the  slate  and  conglomerate.  The  island  in  the  narrows 
to  the  little  bay  is  cooglomerate. 

HALT  783.  N.  W.  J.  N.  E.  ),  S.  27,  T.  65-6.  Conglomerate. 
Contains  a  good  amount  of  red  and  banded  jasper. 

HALT  784.     N.  W.  i,  N.  E.  i,  9.  2T,  T.  65-6.     Conglomerate. 

HALT785.    S.  E.  i,  N.  W.  i,  8.  27,  T.  65-6.     Conglomerate. 
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Id  coaraee,  the  pebbles  are  very  abtmdant,  bat  maeh  of  the 
rock  is  a  maSBive  diabase-like  material,  having  the  aspect  of  a 
huge  dike;  butthepebble-courses  ran  directly  throagh  it,  wiCha 
dip  S.  80°. 

The  dips  in  this  vicinity  are  such  that  the  schist-beds  assume 
a  pasition  above  the  conglomerate,  and  hence,  in  the  absence  of 
inversions,  would  be  newer. 

HALT  786.  S.  W.  \,  N.  W.  1,  S.  27,  T.  65-6.  Slate  and  con- 
glomerate. On  the  shore  the  rock  is  chiefly  the  gi-oundmass  of 
the  conglomerate.  Then  8uccee<l  slates — then  well-marked  con- 
glomerate. The  groundmiiBS  rock  contniiis  a  few  obscure  peb- 
bles. 

This  occnrrence  of  slate  being  further  north  than  some  ob- 
served conglomerate,  a  recurrence  is  indicated.  It  is  veiy  evi- 
dent, however,  that  beds  of  state  and  conglomerate  exist  in  nu- 
merous alternations. 

This  completes  the  circuit  of  the  lake.  I  now  present  the  re- 
sults of  some  observation  made  on  excursions  to  the  north  and 
south  of  the  lake  in  the  vicinity  of  Campei-s'  island. 

From  this  island,  looking  southward,  a  rauge  of  hills  is  seen 
which  may  be  estimated  at  300  feet  high.  The  route  pursued 
started  from  the  bead  of  the  little  bay,  Halt  796. 

HALT  799.  About  ten  rods  back  from  the  point.  The  slate 
is  almost  flinty.  Side  by  side  with  it  are  beds  of  a  diaba8i<;-look- 
ing  schist. 

HALT  mi.  20  rods  back.  Strike  N.  20''  E.  Highly  baked 
argillite.    Dip  vertical. 

HALT&Oi.    ao  rods  back.    Highly  baked  argiUite,  and  side 
by  side  with  it,  showing  bedding,  a  slate  porphyritic  with  feld- 
spar and  glassy  grains. 
Rock  335.     Porphyritic  schist  from  Halt  801. 
HALTSa2.    AtKiuta  half  mile  back.     Contorted  slates,  dip- 
ping 60°  E.  with  a  strike  N.  83°  W. 

HALT  803.  On  the  lower  shoulder  orthe  mountain.  Bedded, 
highly  metamorphie  slates  continning  in  alternation.  Strike  N. 
12°  E.  Dip  8.  E.  80°.  Adjoining  this  on  the  south  the  schists 
are  a  little  sericitic  and  crumbling  to  chips. 

HALTm\.  Northern  slope  of  valley  following  Halt803.  Same 
i-ock,  with  Strike  S.  23°  W.,  undulating.  The  strike  of  the  ridge 
is  X.  32°E..andthe  previous  ridges  have  a  similar  strike,  aud  this 
is  nearly  the  prevailing  strike  of  the  formation.  This  rock  is 
somewhat  more  flinty  than  the  preceding. 


cyizcdtvCoOglc 


STATE  GEOLOGIST.  166 

HALT  805.  Banning  of  second  from  last  nscent.  SiDiilar 
schist,  bat  with  strike  N.  78°  W.  Dip  vertical.  Beds  much 
contorted.  Close  by,  the  dip  is  westerly  45°.  These  irregnlarities 
show  marked  disturbance. 

HALT806.  First  ridge  north  of  assumed  summit.  Strike  of 
schists  S".  67°  W.    Dip  45°  westerly. 

HAL  T  807.  Ridge  next  the  summit.  Strike  much  broken  np. 
Here  are  great  masses  of  conglomerate  with  doleritic  ground- 
mass. 

HALT  SOS.  On  the  last  ascent.  The  altered  slates  are  seen 
in  contact  with  a  green  doleritic  rock  itself  containing  pebbles- 
The  slates  strike  N.  68°  W.,  with  a  dip  N.  50°.  The  relations 
are  shown  in  the  following  figure: 


Looking  West. 

Kock  336.    Green  rock. 

HALT  809.  At  the  summit.  The  green  rock  is  more  clearly 
developed.  It  is  composed  of  grouped  lamallfe  of  a  greenish 
color  and  rather  soft.  This  appears  much  like  chlorite.  Even 
this  rock  contains  pebbles  to  a  limited  extent.  Some  are  dia- 
basic  and  some  flinty. 

RockSyi.     Green  rock  fi-om  the  summit. 

This  hill  is  made,  by  aneroid,  240  feet  above  the  lake.  But 
half  a  mile  further  south  a  hill  appears  which  seems  to  be  as 
much  as  100  feet  higher. 

HALT  810.  A  few  rods  east  of  Halt  801.  Outcrop  of  por- 
phyritic  rock  near  Fox  lake.     [See  Halt  811,  after  795.] 

Rock  338.     Porphyritic  rock.     Halt  810. 

The  following  are  localities  on  a  tour  to  the  high  hill  north- 
west of  Campers'  island : 

HALT  812.  One-quart'Cr  mile  north  of  north  shore.  The 
usual  conglomerate. 
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EALTS13.  One  mile  north  of  lake.  A  knob  of  the  con- 
glomerateappearsporphyritic,  but  it  containsgrains  of  red  jasper 
and  of  flint  and  qnartz,  besides  crystals  and  grains  of  feldspar; 
and  it  may  probably  be  regarded  a  compacted  mass  of  gravel  de- 
rived mainly  from  the  disintegration  of  granite.  It  contains  also 
a  few  grains  and  small  pebbles  of  carbonaceoos  slate.  Ou  the  whole, 
it  is  only  afiner  condition  of  the  conglomerate.  There  is  a  little  mat- 
rix material  of  a  greenish  color,  which  appears  composed  lai^ely  of 
smallergrainsof  the  same.  What  else  tbereiatogive  a  greenish 
color,  the  compound  microscope  must  i-eveal. 

SALT  814.  Ik  miles  from  lake.  As  we  go  north  the  conglom- 
erate contains  less  matrix,  being  distinctly  and  simply  a  conglom- 
erate.    In  places  also  it  contains  more  jasper. 

HALT  815.     1  mile  east  of  mountain.     Strike  N.  47°  E. 

SALTSIQ.  Summit  east  of  mountain.  All  slate.  The  last 
seen  of  conglomerate  is  one-fourth  mile  southeast  of  here.  The 
dip  is  vertical.  Strike  S.  37°  E.  Mountain  visited  on  the 
south  side  bears  S.  38°  B. 

Proceeding  W.  N.  W.  the  formation  becomes  conglomeritio 
again; butitia  not  a coai-se conglomerate. 

HALT  817.  Making  the  last  ascent.  Greenstone  apparently 
well  marked,  having  black  specks.  It  joins  on  the  east  beds  of 
conglomerate  and  slate.  In  fact  it  doe.<t  the  same  on  the  north- 
west, aud  in  spite  of  appearance,  I  surmise  this  is  merely  an 
altered  sedimentary  rock. 

SALT  818.  At  the  summit.  Highly  altered  slates  and  green- 
stone-like rock. 

The  following  are  bearings  from  thesummit: 

Mountain  visited  on  the  south  side  (observation  probably 
erroneous).  . 

East  Twin  mountain 8. 8''E. 

West  Twin  mountain S.  2''W. 

North  end  of  nearest  little  lake S.  43'  B. 

From  apoint  twenty  rods  west  of  summit: 

Mailman's  peak 8.42°  W. 

Bast  Twin  mountain S.9°E, 

HALT  819.  20  rods  west  of  summit.  At  this  place  are  lami- 
nated, dark-gray,  highly  eilicious  argillites.  Dip  vertical. 
Strike  N.  40=  E. 

KockMl.     Porphyry-like,  bot  gravelly  matrix.     Halt  813. 

Rock  342.     Greenstone  conglomerate.     Halt  817. 

Bock  343.     Porphyry  pebble  in  porphyry  matrix. 
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Moek  344.    Porphyritic  matrix. 

Rock  346.     Grarelly  matrix. 

Rock  346.     Greenstone  (like  342)  oolamnar. 

§  29.      GABIMIC-HIQAHA   LAKE. 

An  irr^alar  lake  lying  on  the  four  corners  of  the  townships 
64  and  66  of  ranges  5  and  6.  Its  main  axis  trends  TS.  35°  E,  and 
hasa  length  of  three  milea  The  mean  breadth  is  three-fourths 
of  A  mile.  The  water  is  deep  and  the  shores  are  bold  and  even 
mountainous  —  especially  around  the  southern  half  of  the  lake. 
The  geology  is  interesting  and  in  some  respects  pecaliar.  The 
middle  of  the  west  shore  lies  upon  massive  gray  wacke,  hut  the 
southern  portion  reaches  into  the  gabbro  region,  without  doubt 
a  continuation  of  the  range  occurring  two  or  three  miles  south 
of  Ogiahke-muncie  lake.  Titaniferous  iron  ore  is  found  in 
abundance. 

SALT820.  a.  W.  i,  S.  E.  i,  S.  26,  T.  65-6.  The  approach  to 
Gabimicfaigama  lake  from  Ogishke-muncie  is  through  Fox  and 
Agamok  lakes,  and  over  the  portages  around  the  rapids  connect- 
ing these  small  lakes.  The  whole  distance  in  a  straight  line  is 
is  about  two  miles;  but  the  portages  are  little  used,  and  the 
country  is  very  broken  and  difficult.  The  scenery  along  the  wa- 
ter courae  presents  Iwld  feiitui'es;  and  one  or  two  wild  water- 
falls plunge  through  deep  and  dim-lighted  chasms  |in  the  dark 
silicious  argillites. 

BALTSao.  S.  W.  t,  S.  E.  J,  S.  26,  T.  65-6.  Silicious  slate. 
Stream  from  Gabimichigama  passed  by  a  cascade  25  feet  high, 
through  a  gorge  with  walls  on  the  east  50  feet  high  and  on  the 
west  40  feet.  Strike  N.  37°  E,  Dip  verticaj.  The  rock  is  dark 
but  exceedingly  bard;  breaks  into  large  cnboidal  blocks.  It  is 
almost  black,  and  not  conglomeritic. 

HALT  821.  S.  \V.  i,  S.  E.  1,  9.  26,  T.  65-6.  Outlet  of  Fox 
lake.  Dark,  silicious  slate,  with  contorted  lamination.  Genera 
strike  N.  78°  W.     Dip  S.  50°. 
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The  schists  of  northern  Minnesota  have  held  a  pemiBtent  strike 
so  far,  and  with  so  little  contoiiiOD,  that  the  presence  of  these 
disturbances  here  indicates  the  proximity  of  the  dynamic  centre. 


T)i£  ini't-rucninj    hfto-ecs    o-rt.   Jarkcr    a.ncL   ijp*tAat.i. 

irALT822.  S.  W.  I,  S.  W.  i,  S.  25,  T.  65-6.  Barksilicioas 
elates.     Strike  N.  87°  E.     Dip  S.  85°. 

H".4i:r823.  S.  \V.  \,  S.  W.  i,  S.  25,  T.  65-6.  Portage  oat  of 
Fox  lake.  Slate,  very  eilicions,  A  few  i-ods  back,  the  rock  ap- 
pears to  be  erupted  —  granular-gray. 
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Roek  347.     Erupted  rock  near  Hnlt  823. 

A  few  rods  southeast,  the  erupted  rock  suddenly  terminates, 
and  silicions  nlates  recur  with  strike  K.  68"  W.  and  dip  S.  78" 
Four  rods  further  southeast  are  slates  uueontorted,  having 
strike  N.  82°  E;  iinrt  dip  vertical. 

Immediately  contiguous  are  lauiinte  in  two  courses,  which  are 
much  convoluted,  presenting  the  appearance  of  arabesque.  The 
salient  laminie  are  dark  and  mnrh  like  the  impressed  parts  but 
more  cherTy. 

ffALT824,  9.  W.  i,  S.W.  J,  S.  25,T.65-6.  Middle  of  portage 
to  Agamok  lake.  Silicioas  slate.  Strike  N.  82°  E.  Dip 
S.  85". 

Rock  348.     Fiintyslate  from  Halt824. 

SALTS^.  a.  W.  1,  8.  W.  i.  S.  25,  T.  65-6.  Across  ravine 
by  angle  of  little  lake.     Silicious  ai-gillite,  much  broken  up. 


Fzg.ffS".  £rokt.n;  c^TvAi^on.   af   tHaJhs   at  Ji^Zt 
aS/S'jA0a.nt^  X  tike'. 

Eight  rods  further  southeast,  is  a  baud  of  highly  ferruginous 
slate  two  feet  wide,  reminding  one  of  the  iron  jaspilite  further 
west. 

SALT%m.  N.  W.  \,  N.  W.  KS.  36,  T.  65-6.  Near  outlet 
of  Agamok  lake.  Silicious  schists,  partly  dark  and  ai^illitic, 
and  partly  gray  and  granular. ' 
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HALT826l>is.  N.  W.  \,  N.  W.  \,  S.  36,  T.  65-6.  Near 
westet-n  termination  of  Agamok  lake.     Bock  bedded,  g^ranalar. 

SALT  827.  Xear  western  coDStrictiou  of  Agamok  lake. 
Bock  bedded  but  gray,  granular,  vith  black  specks,  highly  sili- 
cioaa,  bedding  obeenre. 

Bock  349.     Q ray  wacke -like,  as  above. 

HALrS2&.  S.  E.  i,  N.  E.  i,  S.  36,  'T.  65-6.  Narrows  of 
Agamok  lake.     Same  graywacke-like  rock  as  at  Halt  827. 

SALTSiS.  a.  E.  i,  S.  B.  1-,  S.  36,  T.  66-6.  Gabimichigama 
lake,  at  outlet.  Gray  rock  looking  a  little  like  muscovado  gab- 
br'o,  but  it  is  bedded  distinctly. 

Bofk  350.     Muscovado gabbroT— but  much  like  Iiock349. 

HALTS3Q.  S.  E.  1,  S.  E.  i,  8.  30,  T.  65-6.  Graywacke-like 
as  before.  No  bedding  certainly  discernable,  but  it  seems  quite 
eonfnsed. 

HALTmi.  N.  E.  \,  N.  W.  h,  3. 1,  T.  64  6.  Graywacke-iike, 
bat  darker  and  more  crystalline.  Not  stratified  as  far  as  seen, 
but  lies  in  rough,  irregular,  horizontal  beds  in  the  hill,  to  the 
height  of  forty  feet. 

BockZ^X.     Graywacke-like,  Halt 831. 

nALT&&%  S.  E.  i,  N.  W.  1,8.  1,  T.  64-6.  Graywacke-like. 
Bedding  obscure.  Strike  seems  t«  be  N.  56°  W.  with  dip  S.  85°. 
Still,  the  continuation  ef  same  bluff  shows  only  rough  horizontal 
bedding.     Fine  glistening  particles  are  prettent. 

SALT^&.  S.  E.  \,  S.  W.  t,  8.  1,  T.  64-6.  Still  graywacke- 
like,  but  a  little  darker.  This  bluff  is  also  rudely  bedded  hor- 
izootally. 

BALT&^.  8.  E.  1,  S.  W.  J,  S.  1,  T.  64-6.  West  arm 
southern  bay  of  the  lake.  The  rook  to  sis  feet  above  water  is  a 
bluish,  gray wackeui tic  mass,  with  augite  or  hornblende  scarcely 
present.  It  appears  to  be  essentially  seiiimentary,  with  lines  of 
bedding  striking  N.  68°  W,  and  vertical  dip;  but  the  rock  od 
the  whole  has  a  very  massive  aspect. 

RoekZb2.     Massive  gray waf^ke.     Halt  834, 

Above  this  is  an  unstratified  mass,  consisting,  with  much  dark 
mica,  of  waxy  feldspar  so  glassy  that  I  am  not  certain  that  it  is 
not  quartz.     This  rests  on  the  edges  of  the  first. 

Bock  353.     Micaceous  g,vhbrolitet — three  specimens.   ■ 

This  seems  preparatory  to  gabbro. 

HALX^Z^.  N.  W.  1,  N.  W.  \,  S.  12,  T.  64-6.  Gabbro  of 
medium  texture  and  apparently  some  mica  scales. 

.fioci  354.     Gabbro — two  specimens, 
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HALT  836.  N.  E.  J,  N.  W.  \,  S.  12,  T.  64-6.  Entrance  to 
last  little  arm  of  sontbero  bay.    Gabbro. 

Rock  355.     Oabbro  from  Halt  836. 

HALT  8^1.  N.  E.  i,  K.  W.  i,  S.  12,  T.  64-6.  Opposite  Halt 
836.    Gabbro,  a  little  resinoas  in  color. 

HALT  838.  Centre  S.  B.  J,  S.  1,  T.  64-6.  In  the  narrows,  east 
side.  Higli  cliff,  roughly  bedded,  with  beds  dipping  away  from 
shore  eastward  at  an  angle  of  15°,  soggesting  that  the  bedding  seen 
at  E^t  831  and  other  points,  may  be  a  real  sedimcBtary  struc- 
ture. This  rock,  in  part,  presents  much  the  appearance  of 
gabbro. 

Rock  356.     Gabbrolite  from  Halt  838. 

Some  of  the  beds  are  heavily  charged  with  iron,  apparently 
titaniferous,  and  have  a  dark  granular  aspect.  The  cliff  here 
rises  seventy  feet  high. 

Rock  357.     Band  of  iron-bearing  rock. 

SALT  839.  N.  E.  1,  &  E.  I,  8.  1,  T.  64-6,  Muscovado  gab- 
bro, fine,  resinons,  bedded,  with  dip  eastward  40°. 

HALTUQ.  S.  W.  1,  S.  W.  i,  S.  6,  T.  64-5.  A  remarkable 
headland.  Some  forty  feet  perpendicular.  The  whole  exterior 
presents  a  rusted  appearance,  and  is  crumbling  away.  It  seems 
to  be  rudely  bedded  almost  horizontally,  but  with  a  small  east- 
ward dip.  The  rock  is  heavy,  and  seems  to  be  composed  largely 
of  carbonate  of  iron!  Apparently  there  is  also  considerable 
hornblende  or  augite  and  mica.  In  crossing  the  promontory,  the 
sheets  of  rock  outcrop  and  overlap  like  successive  outflows  of 
molten  matter. 

JBOC&358.     Sideriticf  rock  from  Halt  840. 

HALTMl.  Centre  N.  W.  t,  S.  6,  T.  64-5.  Island.  Coarse 
gabbro  poured  over  a  huge  pile  of  coarse,  angular  fragments  of 
muscovado.  An  interesting  observation,  for  the  muscovado  is 
stratified.  The  interstices  among  the  fragments  of  it  are  filled 
BO  completely  as  to  demonstrate  the  original  8nid  cha'-aeter  of 
the  gabbro. 
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Oabbro  wa£SceD  in  a  high  characteristic  oatcrop  un  the  ex- 
treme soutbeastern  shore  beyond  the  large  island,  bat  the  roagh 
condition  of  the  water  rendered  it  impracticable  to  land. 

I  30.      SUMMARY  OF  0BBEKVATI0N8. 

The  foregoing  is  a  particolarized  exposition  of  observations 
made  within  the  region  indicated.  For  convenience  of  cursory 
readers,  I  offer  here  a  condensed  general  statement  of  the  facts. 

General  Condition  of  the  Rocks.  — The  region  so  far  as  traversed, 
presents  geologically  a  series  of  schists  flanked  on  the  north  and 
south  by  massive  crystalline  rocks.  Inthe  western  part,  these 
are  gneissic  on  both  sides.  In  the  eastern  part,  the  schists  ex- 
tend north  beyond  the  limits  of  the  field,  and  on  the  soatb,  the 
goeissic  rocks  are  replaced  by  gabbro  and  greenstone.  The 
schists  and  the  bedded  crystallines  stand  in  a  nearly  vertical  atti- 
tnde,  and  have  a  strike  which  is  east- northeast  in  the  western 
part  of  the  region,  and  northeast  or  north-northeast,  in  the  east- 
ern part.  The  stPike  is  remarkably  persistent  and  uniform.  Sel- 
dom are  flexures  in  the  alignment  noticed  until  we  reach  the 
Ogisbke-muncieandGabimichigama.  A  similar  statement  may  be 
made  of  the  dip.  It  oscillates  from  eighty  degrees  northward  to 
eighty  degrees  southward.  Very  rarely  do  we  find  the  dip  vary- 
ing over  ten  degrees  from  the  vertical.  What  variations  exist 
are  not  prevailingly  northward  nor  southward.  It  appears  that 
the  normal  attitude  is  vertical,  and  it  is  not  at  present  possible 
to  state  which  deviation  from  this  is  the  result  of  inversion. 

Nature  of  the  Sekiata. —  Mineralogically,  the  schists  embrace 
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sericitic  schist,  cblorite  scliiHt,  ai^llites,  grayvacke  schist,  mica 
schiffi  and  hornblende  schist.  Very  commonly  the  mtaeral  char- 
acter is  mixed  —  the  ehloritic  constituent  being  present  in  seri- 
citic schists  and  argillites.  and  the  argiliitic  character  often  re- 
maining in  sericitic  schists.  Kot  nnfreqnently,  the  sericitic 
schists  have  to  be  qualified  as  both  chloritic  and  argiliitic.  The 
mica  and  hornblende  schists  are  generally  exempt  from  chloritic 
intermixture,  though,  as  will  be  stated,  many  gueissic  rocks 
abound  in  a  chloritic  constituent  —  probably  the  result  of  alter- 
ation. 

In  the  western  part  of  the  district,  sericitic  schists  predomi- 
nate; and  they  are  mostly  confined  to  the  weetem  and  middle 
parts — that  is,  to  the  region  of  Vermilion.  Engle  Nest,  Jjong, 
Fall,  Newfound  and  Moose  lakes.  In  the  eastern  part  of  the 
district,  argillites  predominate,  and  they  are  mostly  dark  col- 
ored and  widely  silicious.  They  prevail  especially  in  the  regions 
of  Knife,  Pseudo-messer,  and  Sucker  lakes,  but  argiliitic  schists 
otten  appear,  more  or  less  mixed,  through  the  whole  extent  of 
-the  region,  and  a  small  area  of  sericitic  schists  wns  found  on  the 
shore  of  Kekekabic  lake. 

Well-developed  mica  and  hornblende  schists  are  not  very  com- 
mon, but  they  exist  along  the  belt  of  approximation  between  the 
crystallines  and  the  earthy  schists.  This  will  be  further  ex- 
plained. 

"In  structure  the  earthy  schists  present  evei-y  conceivable  vari- 
ation. To  a  large  extent  they  are  compact,  hard  and  not  readily 
cleavable,  though  the  principal  foliation  almost  always  coincides 
with  the  planes  of  sedimentation.  From  the  bard  and  uufissite 
state  they  graduate  to  characteristic  shales,  and  thence  to  the 
most  thinly  laminated  phyllites. 

Oraifwacke. —  A  very  conspicuous  feature  of  the  schist  belt  is 
the  frequent  and  often  .abrupt  transition  from  a  pronounced 
slaty  structure  to  a  massive  structure,  in  which  the  bedding  planes 
are  obscure,  and  in  many  cases  scarcely  discoverable.  These 
massive  conditions  present  the  ordinary  external  appearance  of 
diabase,  and  someti  mes  of  dolerite ;  and  it  requires  many  obser- 
vations to  convince  one's  self  that  none  of  these  are  truly  erup- 
tive. At  times  these  masses  are  found  cut  up  by  joints  into 
cuneiform  cuboids,  ringing  and  flinty,  preci-sely  like  rocks  of 
eruptive  origin  ;  and  if  one  were  to  restrict  his  observations  to  a 
few  such  occurrences,  he  would  feel  persuaded  that  large  portions 
of  the  region  are  occupied  by  true  dikes  of  enormous  extent.  But 
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vith  surprising  abruptness  these  rock-masses  are  seen  assumiug 
a  more  earthy  eMraoter  and  losing  their  eruptive  features. 
Close  by,  the  lines  of  au  ancient  stratification  come  into  view,  and 
these  always  confoi-m  in  position  to  the  rule  of  tbe  region.  The 
rock  may  now  be  seen  more  distinctly  to  contain  an  important 
quartzose  constituent.  This  is  sometimes  in  fine,  almost  indefin- 
able grains  and  sometimes  a  silicious  groundmass.  A  different 
condition  of  the  rock  contiiins,  with  more  or  less  quartz,  a  con- 
siderable feldspar  —  mostly  orthoclase,  but  partly  triclinia  This 
appears  sometimes  in  distinguishable  grains  imbedded  in  the 
silicious  or  silico  argillaeeous  groundmass,  and  sometimes  as  a 
feldspathic  groundmass  holding  obscure  grains  of  quartz.  Not 
nofrequently  the  groundmass  appearsto  be  a  real  petrosilex.  In 
all  cases  the  rock  possesses  great  hardness  and  toughness.  These 
are  the  macroscopic  characters  of  a  range  of  rocks  which  1  have 
called  gray  wacke.  Many  timesan  intermediate  condition  is  found — 
the  sericitic  or  argillitic  or  cbloritic  character  appearing  pro- 
gressively and  increasingly  in  the  sub-massive  rock.  I  have  then 
described  the  rock  as  graywackenitic. 

Though  this  group  of  rook-varitiesdoesnot  present  the  typical 
aspect  of  gray  wa.cke,  especially  in  its  predominantly  massive  con. 
ditlons,  it  seems  to  approach  nearest  that  rook  as  described  by 
recent  writers  of  authority. 

Arrangement  of  the  ScAiai*.-:— In  the  western  portion  of  the  region, 
the  central  part  of  the  schist-belt  is  occupied  by  strata  predom- 
inantly sericitic.  With  these  are  associated  heematitic,  mag- 
netitic  and  ferruginous  jaspilitic  beds  and  bands.  The  sericitic 
belt  passes  from  the  sotitheastem  shores  of  Vermilion  lake- 
It  (-overs  the  greater  part  of  T.  64-14,  including  BagleNest,  Oem, 
Sand,  Nameless  and  Mud  lakes.  It  is  supposed  to  cover  tbe 
northern  part,  at  least,  of  T.  63-12.  It  embraces  the  southeast- 
ern corner  of  T.  63-13.  In  T.  63-12  it  embraces  all  of  Long  lake 
except  tbe  northwestern  bay,  and  covers,  apparently,  all  the 
southeastern  part  of  the  town.  The  greater  part  of  Fall  lake  iu 
T.  6311,  is  in  sericitic  schists,  and  they  ext«nd  south  toin- 
elude  part  of  the  northern  shore  of  Garden  lake,  and  north  far 
enongb  to  embrace  Newton  lake  in  T,  64.11,  In  T.  64-10, 
the  sericitic  schists  have  been  seen  only  on  Urn  lake,  but  proba- 
bly they  occupy  most  of  (be  soutbei-n  half  of  the  township, 
They  extend  in  a  broad  sweep  diagonally  through  T.  64-9, 
including  Moose  and  Newfound  lakes.  Entering  T.  64-8,  in  a 
broad  belt  on  the  west  side,  they  cover  the  r^ion  of    En- 
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sign  Inke,  and  io  the  easterii  paii  of  the  townstajp  vedge  out. 
Farther  east  »erioitic  schists  are  exceptional, 

Consideriug  more  precisely  the  distribution  of  the  various 
species  of  schists,  it  may  be  said,  in  a  general  way.  that  the 
more  chloritic  schists  lie  on  the  north  aud  south  ofthe  central 
line  of  the  sei'icitic  schists,  forming  two  broken  belts;  but  they 
often  occur  iu  the  midst  of  the  sericitic  belt,  and  in  parts  of  the 
r^ion  they  are  comparatively  wantiug.  Generally  speakiug, 
the  argillJtes  are  somewhat  clearly  restncted  to  belts  still  more 
removed  from  the  main  axis  of  the  sericitic  schists.  They 
under  go  a  large  development  toward  the  east  and  in  large  pai't 
usurp  the  place  of  the  sericitic  schists;  while  westward  the  lat- 
ter quite  frequently  retain  a  character  somewhat  argillitJc. 

Still  outside  of  the  predominant  argillites,  both  on  the  north 
and  the  south,  are  those  forms  of  clastic  rocks  which  I  have 
styled  gi-aywacke.  Wherever  a  section  is  made  across  the 
sericitic  belt,  gray  wacke  is  pretty  certain  to  be  met  along  the 
outer  border,  but  there  is  no  regular  and  continuous  belt  of  it. 
The  schists  pass  by  gradations  along  the  strike,  into  graywacke, 
and  the  lalt«r  passes  again  into  schists. 

More  distinctly  limited  to  marginal  belts  are  the  crystaltipe 
schists,  mica  schist,  hornblende  schist  and  diorite  schist.  On 
the  north  side  the  schists  are  first  seen  iu  the  northeast  corner 
of  the  unsurveyed  T.  63-14.  They  occupy  most  of  the  south 
shore  and  the  southern  islands  of  Burntside  lake.  They  prob- 
ably form  a  narrow  belt  through  T.  63-12,  but  they  have  not  been 
seen.  They  are  scarcely  known  in  range  11.  They  have  a 
small  development  through  the  centre  of  T  64-10;  but  east  of 
that  their  place  is  beyond  the  national  boundary. 

On  the  south,  these  schists  make  a  distinct  development  in  T. 
63-11,  north  of  Farm  and  Friday  lakes.  Further  east,  their 
place  is  between  Suowbank  and  Ensign  lakes,  but  they  have  not 
been  seen. 

It  isapparent  that  the  distribntion  of  the  earthy  schists  susbuns 
little  correspondence  with  the  planes  of  bedding.  Everywhere 
the  strike  of  these  planes  presents  a  remarkable  uniformity  and  ■ 
regularity.  But  when  we  attempt  to  trace  a  bounding  line  be- 
tween the  sericitic  schists  and  the  chloritic,  or  between  the  ser- 
icitico- chloritic  and  the  argillit«s,  we  find  it  exceedingly  irregu- 
lar, crossing  the  lines  of  strike  in  one  direction  and  the  other. 
A  geological  map  which  should  delineate  the  geugmphical 
limits  of  the  earthy  schists  would  assign  different  colors  to 
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Strata  »f  the  same  age.  It  becomes  apparent  that  the  eericitic, 
ebloritic  and  argillitic  schists  are  only  different -etates  of  the 
same  formation.  It  is  pretty  certain  that  the  graywacke  is  only 
another  state  of  the  same,  though  the  gray  wackenitic  alteration 
has  most  frequently  taken  place  on  the  outer  verge  of  the  belt 
of  earthy  schists. 

Finally,  it  must  be  said  that  the  indications  of  a  genetic  con- 
nection between  graywaoke  and  the  mica  schists  are  very  note- 
worthy. A  visible  gradation  from  one  to  the  other  has  been 
noted  in  numerous  instances.  Still,  I  think  the  crystalline 
schists  may  hi  assigned  to  special  areas  on  the  geological  map. 

Nature  of  the  Gtieissic  Ci-ystaiU/n^s. — In  the  regions  remote  from 
the  neightwrhood  of  the  schists,  the  gneissic  crystallines  incline 
to  a  characteristic  granular  structure — the  mineral  individuals 
appearing  to  belong  to  the  oi-der  of  first  consolidation.  In 
other  regions,  they  vary  to  indistinctly  granular,  to  obacnrely 
granular  with  more  or  less  of  a  gronndmass,  and  to  a  rock  con- 
sisting of  a  grouudmass  variegated  by  ill-defined  blotches, 
sometimes  mixed  with  distinct  mica  or  hornblende.  These 
forms  belong  chiefly  to  the  order  of  second  consolidation — fol- 
lowing the  view  of  Ponqu6  and  >fichel-L4vy.. 

On  the  south  of  the  main  schistic  belt,  the  gneissic  crystallines 
are  composed  chiefly  of  qnartz.  orthoclase  and  hornblende.  At 
many  luculities  these  individuals  are  beautifully  developed,  well- 
defined  and  of  large  size.  Especially  do  we  find  the  hornblende 
individuals  large,  bright  and  black.  Sometimes  instead,  the  or- 
thoclase gives  U8  a  finely  porphyritic  crystalline.  At  other 
points  the  qnartz  is  almost  completely  wanting,  and  a  fine  hy- 
poayeuitic  rock  prevails.  Thasecrystallioeswereseen  especially 
around  the  shores  of  White  Iron  lake. 

On  the  north  side  the  crystallines  are  composed  chiefly  of 
qnartz,  orthoclase,  mica  and  hornblende.  Around  Burntside 
lake,  hornblende  is  little  seen,  and  the  crystalline  is  a  tme 
gneiss.  In  many  cases,  Che  constituents  are  well-defined,  in 
others,  the  raica  is  changed  to  hydrooiica.  Occasionally,  horn- 
'  blende  is  seen  iissociatcd  with  mica,  and  in  this  ckse  the  mica  is 
generally  biotite  and  in  good  condition.  Along  the  shores  of 
Busswood  lake,  biotite  is  often  associated  with  hornblende;  buti 
in  the  most  northwestern  regions  visited,  hornblende  prevails 
almost  excln-sively.  Very  extensively  distributed  is  a  crystal- 
line rock  composed  of  oithoclase  and  chlorite,  or  orthoclase, 
quartz  and  chlorite.     It  sometimes  contain,s  a  little  hornblende. 
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aod  sometimes  neuaccanite  is  present.  The  chlorite  and  feldspar 
are  mach  blended  together,  without  definite  lines  of  cootact. 
The  rock  is  not  distinctly  described  by  aathors,  bati  have  des- 
ignated it  chlorite  gneiss,  whether  containing  quartz  or  not.  It 
has  been  seen  most  frequently  along  the  lYth  Arm  of  Basswood 
lake,  andin  the  southern  part  of  Kekekabic. 

This  rock  most  have  a  very  large  development  about  Lake  Su- 
perior, for  I  find  many  bouldeife  composed  of  it  distributed  over 
southeastern  Michigan. 

Very  often  I  find  the  dark  mineral  almost  or  quite  wanting, 
and  the  rock  becomes  what  I  have  designated  agrauulite.  This 
condition,  however,  seems  to  be  merely  local  and  of  littlesigniti- 

In  a  few  localities,  I  have  been  induced  to  think  the  feld- 
spathic  constituent  in  the  quartzless  crystallines  was  plagioclase. 
I  liave  therefore  quoted  diorite  as  belonging  to  the  same  cate- 
gory as  the  gneissic  forms.  More  frequently,  however,  diorite. 
like  diabase;  has  been  seen  as  a  dike.  Xot  improbably  some  of 
the  supposed  hornblende,  istruly  augite;  but  I  have  not  ventured 
to  announce  any  augitic  crystallines. 

Areas  of  Gneinsic  Oryttallines. — The  gneissic  cryst-allines  occur 
in  two  separated  areas.  One  of  these  is  on  the  north  of  the  schis- 
tic belt  and  the  other  on  the  south.  The  northern  area  is  first 
encountered  on  the  islands  and  along  the  north  shore  of  Burnt- 
side  lake.  It  has  been  traced  along  two  lines  beyond  the  north- 
ern boundary  of  the  township,  for  a  mile,  into  T.  6i-13.  It  is 
found  continuing  along  the  southern  shores  of  Basswood  lake 
through  ranges  11,  10  and  9.  Its  sonthern  boundary  passes  into 
Canada  a  little  noi-th  of  Carp  lake.  It  continues  northwestward 
along  the  boundary  at  least  as  far  as  Iron  lake. 

The  southern  mass  of  gneissic  crystallines  environs  the  whole 
of  White  Iron  lake  and  the  greater  part  of  Garden  lake,  and  ap- 
pears on  Kawishiwi  river  in  T,  63-9,  What  appears  to  be  the 
same  reappears  on  Snowbank  lake  —  an  nuplatted  and  unvisited 
township  intervening  (T.  63-10).  The  formation  completely  sur- 
rounds Snowbank  lake.  East  of  Snowbank,  gabbro  occupies  the 
probable  position  of  the  gneisses,  but  no  ^characteristic  gneiss 
was  fonnd  overlaid  by  gabbro.  In  the  sonthern  part  of  Keka- 
kabic  lake  is  a  chloritic  gneiss  very  similar  to  the  chloritio  gneiss 
which  borders  the  northern  crystallines  in  thelVth  Arm  of  Bass- 
wood  lake.  It  might  be  inferred  that  this  chlorite  gneiss  is  sne- 
ceeded  on  the  south  by  micaceous  and  hornbleudic  gneiss;  but 
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obseryation  is  prevented  by  the  oociurenee  of  gabbro.  The  in- 
ference may  be  drawn  that  the  gabbro  lies  oa  gneiss  or  granite. 

TranaitUm  from  the  SchUAa  to  the  Oneimc  Socks. — I  have  men- 
tioned the  vieible  graduation  from  grayvacke  to  what  I  have 
sometimes  designated  "  nascent  mica  schist "  — that  is,  a  gray- 
vacke  in  which  fine  glistening  points  appes^,  which  lens-inspec- 
tion shows  to  be  analogous  to  fine,  pale  mica.  Similarly  a  gradual 
passage  exists  from  the  cryatallinAschists  to  the  geneisaes.  There 
is  nowhere  an  abrupt  pass^e  from  one  class  of  rocks  to  the  other. 
Proceeding  from  the  schistic  side  the  proximity  of  the  geneisses 
is  announced  in  three  ways:  First,  by  increase  in  frequency  of 
ramifying  veins;  second,  by  occurrence  of  lumps  of  gneiss  or 
granite  in  the  midst  of  the  schist;  third,  by  the  exact  interstrati- 
ficatiou  of  schists  and  gneisses. 

In  a  few  cases  the  intersection  of  the  schists  by  qnartzose  or 
granulitic  veins  has  been  noticed  so  excessive  that  the  resultant 
rock  is  a  mineral  mixture  of  the  two  classes  of  constituents.  An 
observation  of  rery  frequent  occurrence  is  the  warping  of  sheets 
of  schist  about  detached  fragments  of  gneiss  or  granite  fonnd  im- 
bedded in  the  schist.  Equally  common  is  tbeinterbeddlog  of 
schists  and  gneisses.  In  such  cases  an  exact  comformability  be- 
tween the  two  exists;  aud  it  is  beyond  question  that  the  schists 
were  subjected  simultaueously  to  the  same  geological  action.  As 
we  proceed  toward  the  body  of  crystallines  the  frequency  of  the 
schist  beds  diminishes.  We  have  a  formation  at  first  three- 
fourths  schist  and  one-fourth  gneiss  ;  then  half  schist;  then  one- 
fonrth  schist;  then  one-tenth.  After  the  gneissiswell  established 
a  bed  of  schist  occurs  once  in  twenty  rods.  At  first  these  seem 
to  possess  indefinite  continuity  along  the  strike.  Then  they  are 
broken  off  at  both  extremities.  Then  we  come  to  gneiss  with 
only  an  occasional  fragment  of  schist  included.  Further  on  the 
traces  of  schist  disappear,  but  scarcely  in  one  instance  have  I 
found  the  bedded  character  of  the  gneiss  wholly  obliterated, 
when  I  had  the  opportunity  to  examine  any  considerable  breadth 
of  the  formation.  The  details  of  these  transitions  have  been  de- 
scrit>cd  and  illustrated  in  the  notes  already  given — especially  in 
relation  to  Burntside  and  the  western  portion  of  Basswood  lake. 
I  have  seen  no  snch  formation  as  the  granite  orsyenite  described 
in  the  books.  I  have  stilt  less  found  schists  or  gneisses  t^poaing 
by  abmpt  transition  on  masses  of  granite  or  syenite.  Least  of 
all  have  I  seen  any  unconformity  betw.een  the  crystalline  schists 
and  the  gneisses.    'Sot  finally  have  I  been  able  to  detect  the  least 
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unconformity  between  tbe  gneisses  and  the  earthy  echistB.  I 
speak  only  of  facts  existing  Tithin  the  scope  of  my  present 
stndieB.  It  is  not  at  all  improbable  that  farther  parsnib  of  the 
crystallines  voald  show  the  gneisses  as  iliere  border  characteris- 
tics, as  in  the  Pyreneese,  the  Malvern  hills  and  other  granitic 
and  syenitic  regions. 

The  Offishke  Conglomerate. — The  petrographic  characters  of  this 
conglomerate  are  fnlly  set  forth  in  the  field  notes  already  given. 
I  do  not  feel  certain  that  this  formation  oecnra  as  far  west  as 
Vermilion  lake;  bnt  feel  wholly  persuaded  that  it  lies  in  the 
strike  of  the  western  schists,  and  that  it  results  from  a  local 
geological  action  going  on  while  the  schists  were  aC'Cnmulating. 
In  the  region  of  which  Ogishhe-mancie  lake  is  the  centre,  the 
conglomerate  attains  an  enormous  development.  It  is  every- 
where ai>  aggregation  of  varieties  of  granitic  and  quartzose 
boulders  imbedded  in  a  finely  granular,  mostly  greenish, 
gronndmass.  With  these  constituents,  we  find  ofben,  varieties 
of  flint,  jasper,  granulite,  porphyry  and  "greenstone,"  so- 
called.  The  boulders  are  in  general  from  one  to  two  inches  in 
diameter;  but  they  sometimes  attain  a  diameter  from  eight  to 
twelve  inches.  They  are  all  well  rounded.  The  formation  is 
everywhere  solid  and  iudestroctible;  but  in  some  regions,  especi- 
ally on  the  southwestern  shore  of  Ogisfake-Mucie,  it  has  been  snb- 
jected,  apparently,  to  some  altering  action  which  has  blended 
the  pebbles  with  the  groundmass,  rendering  them  inconspicuous 
or  nn discoverable  within  limited  areas.  The  whole  rock  seems 
reduced  to  a  diabasic  condition.  But  careful  search  has  inevery 
instance  disclosed  the  essentially  conglomeritic  character  of 
the  rock. 

Everywhere  the  courses  of  boulders  are  regularly  and  pre- 
cisely inter  bedded  with  dinty  argillites.  Theseare  most  abundant 
'toward  the  northern  borders  of  the  formation.  The  southern 
borders  have  scarcely  been  seen;  since  the  formation  seems  to  be 
overlaid  by  greenstones  and  gabbro.  The  great  bulk  of  the 
arglllite  belt  previously  mentioned  passes  north  of  the  conglom- 
erate. Some  sericitic  beds  have  been  discovered  within  the 
limite  of  the  conglomerate  area.  These  foots  seem  to  show  that 
the  conglomerate  belongs  in  stratigraphical  position  within 
the  northern  border  of  the  sericitic  schists  and  the  southern 
border  of  the  argillites  as  they  appear  further  west. 

Porphp-el. — I  use  this  term  to  designate  a  rock  which  at  first 
appears  like  a  true  porphyry.    I  have  already  described  its 
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petrographic  characters  and  it»  mode  of  occurrence.  It  attains 
a  large  development  on  the  shores  of  Dike  lake  and  withio  the 
basin  of  Kekekabic  lake.  Bnt  it  is  not  an  emptive  rock.  On 
Dike  lake  one  can  occasionally  see  not  only  the  evidences  of 
bedding  and  conformability  with  the  adjacent  formation,  but 
sometimes,  in  no  mistakable  manner,  theobscnreoiitlines  of  peb- 
bles originally  existing  in  the  formation.  Characteristic  as  it 
might  seem  to  be,  it  is  only  an  ancient  fragmental  formation, 
which,  by  secondary  action,  has  altered  the  chemical  and  miner- 
alogical  arrangements  of  the  constituents,  until  its  aspect  has 
been  completely  transformed,  and  its  history  almost  lost. 

Porphyries  ocear  also  about  Vermilion  lake.  They  have  a 
different  aspect  from  tbosejost  mentioned,  bat  I  feel  persuaded 
they  are  similarly  the  results  of  secondary  action,  are  in  be(ls 
conformable  with  the  schists,  and  might  also  be  regarded  as 
poi-phyrel. 

2}ikesand  Veins. — Bamifying  and  tortuous  veins  intersecting 
the  schists  are  most  abundant  intheneighlmrhoodof  thegneissic 
masses.  They  seldom  exceed  one  or  two  inches  in  diameter;  but 
are  sometimes  seen  four  inches  in  diameter,  and  rarely  one  or 
two  feet  or  more.  Within  a  distance  of  a  quarter  of  a  mile  of  the 
ma8s,tfaey  may  be  prononncedquite  abundant,  but  they  also  occur 
several  miles  distant.  They  sometimes  pursue  the  planes  of 
bedding  for  limited  distances,  but  generally  cross  them  in  every 
direction.  In  many  cases  they  are  extremely  convoluted,  and 
some  striking  examples  have  been  cited.  They  are  mostly  filled 
with  quartz,  feldspar  or  granulite.  Barely  is  calcite  present. 
Mica  and  hornblende  are  seldom  seen.  In  some  cases  the  mode 
of  intersection  of  different  veins  reveals  two  or  more  epochs  of 
vein -making. 

N'ot  nnfreqnently  the  larger  quartz  veins  contain  crystals  of 
yellow  pyrites.  The  most  noted  instance  has  been  described* 
from  south  Eagle  Nest  lake. 

Quite  frequently  I  find  epidote  the  filling  of  narrow  veins;  and 
sometimes  these  become  so  frequent  as  to  impart  a  conspicuous 
epidotic  character  to  the  rock.  la  a  few  cases,  heulandite,  or 
what  appears  like  it,  occurred  also  in  slender  veins. 

Bodies  of  isolated  rock  having  a  dike-like  form  are  of  frequent 
occurrence.  Sometimes  these  are  undoubtedly  true  dikes,  and 
they  seem  to  consist  of  diorite,  diabase  or  even  of  trae  dolerite. 
In  a  single  case  the  dolerite  had  assumed  an  amygdaloidal  char- 
acter. This  was  at  Urn  lake,  Halt  410.  In  a  few  cases,  the  dike 
is  a  muscovite  granite,  as  at  Halt  91 . 
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Other  dikes,  so-called,  are  of  a  donbtful  nature.  Assuredly, 
we  find  valla  of  what  appears  to  be  foreign  rock  in  the  midst  of 
schists  —  generally  sericitic — but  they  stand  conformable  with 
the  bedding.  They  often  possess  a  different  color,  and  a  different 
physical  constitution.  Their  appearance,  however,  is  illusory. 
If  they  seem  to  have  properly  defined  walls,  it  is  only  for  a 
short  disbince.  In  the  near  vicinity  they  blend,  on  one  or  both 
sides,  with  the  country  rock.  Moreover,  when  broken,  they  are 
found  to  possess  a  laminated  structnre,  and  this,  though  some- 
times ourionsly  contorted,  conforms  in  general  trend,  with  the 
strike  of  the  genei-al  bedding.  They  sometimes  even  reveal 
traces  of  a  conglomeritio  constitution.  Examples  of  such  dikes, 
so-called,  are  described  and  figured  in  the  early  portion  of  the 
preceding  notes. 

Such  are  the  facts.  I  do  not  wish  to  discuss,  in  this  connection, 
the  real  origin  of  such  conditions  of  the  rocks. 

It  is  noteworthy  that  no  alteration  in  the  contiguous  formation 
seems  to  have  been  produced  by  the  so-called  dikes  last  men- 
tioned. Bat  in  some  cases,  the  dioritic  and  diabasic  dikes  have 
had  the  customary  effects  upon  the  country  rock  of  the  vicinity. 

Unity  of  the  Entire  Si/stem. — It  is  difficult  to  spend  a  season  on 
these  rocks  without  acquiring  a  settled  conviction  that  all  the 
schists,  both  earthy  and  crystalline,  belong  to  t>ne  structural 
system.  They  bave  one  common  trend.  They  possess  one  com- 
mon dip.  They  pass  by  gradations  into  each  other,  both  in  the 
direction  of  the  strike  and,to  a  large  extent,  across  it.  On  petro- 
graphic  grounds  we  may  discriminate  the  earthy  schists  from 
the  crystalline.  But  even  if  we  did  not  find  the  graywacke 
graduating  into  mica  schist,  we  should  be  compelled  to  say  that 
the  two  formations  were  entirely  parallel,  though  belonging  to 
consecutive  ages.  Notching  but  litbological  distinction  ^parates 
them. 

Beyond  all  question,  the  graywacke  belongs  in  the  same  sys- 
stem  with  the  earthy  schists.  Thus  then,  the  whole  range  of 
schists  is  one  structural  system.  I  am  not  maintaining  the  non- 
existence of  a  structural  discordance  somewhere  in  the  parte  of 
this  system.  I  must  state  explicitly,  however,  that  I  have  not 
discovered  it.  I  have  not  seena  group  of  facts  suggesting  it.  I 
find  only  a  group  of  facts  plainly  attesting  the  unity  of  the  en- 
tire system  of  schiste. 

The  gneisses  are  not  less  incoutestably  bound  upwijihthecrys- 
talllne  schists.    Their  conformabilities,  their  intergradations  in 
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tatJOD  and  especially  in  etractnre,  have  been  pointed  ont 
onstitate  a  body  of  facte  which  appear  hardly  compatible 
the  doctrine  that  the  gneisses  and  the  schists  typify  two 
ent  geological  systems. 

ce  and  Distribution  of  the  Iron  Schists.—  I  inclined  at  one 
to  the  opinion  that  the  iron  ore  ahists  were  restricted  to 
cnlar  horizons,  and  that  they  extended  in  ranges  Bomewhat 
luons  in  conformity  with  the  strike  of  the  schists.      I  have 

considerable  time  in  the  attempt  to  group  the  varioas  oc- 
nces  in  one  or  two  ranges.  Bat  I  have  been  led  to  think 
nctrine  of  ranges  contains  only  a  partial  truth. 
ive  stated  that  while  the  various  sorts  of  schists  lie  on  the 
•.,  in  situatioDK  parallel  with  each  other,  there  arealso  many 
itions  in  the  direction  of  their  continuity — the  same  strai- 
ning at  one  place  argillitic,  in  another  chloritic,  and  in  an- 
sericitic.  This  sort  of  relation  extends  even  to  the  gray- 
;.  Now,  whatever  theory  may  prove  t«Dable  in  reference 
I  origin  of  the  iron  scliists,  it  is  a  fact  of  observation  that 
>resent  iu  their  general  features,  intimate  structural  rela- 
with  the  parallel  and  embracing  schists.  While  therefore, 
lie  schists,  the  iron  ores  exhibit  much  persistence  inthedi- 
n  of  the  formations!  strike,  they  do  not  persist  without  var- 

or  even  interruption,     STordowefind  all  the  known  de- 

actually  confined  to  ranges  which  can  be  traced  with  great 
tence.  They  appear  in  the  midst  of  the  schists  sometimes, 
;rictly  local  phenomenon;  and  nootheroccurrence  is  known 

direction  of  the  continuity  of  the  formation, 
'ertheless,  it  need  not  be  supposed  that  no  geological  prin- 
ean  be  employed  in  the  exploration  for  iron.      In  the  first 

the  deposits  only  exceptionally  depart  from  the  belt  of 
;ic  schists — -seldom  from  the  central  part.  In  the  second 

they  may  with  best  prospect  be  sought  along  the  strike, 
ipecially  in  the  strike  of  other  deposits  already  known.  In 
ird  place,  the  search  seems  most  hopeful  iu  regions  where 
ferieitic  schists  have  undergone    greatest   development. 

are  most  widespread  in  T.  62-14,  13  (south  part)  and  12 
I  part),  T.  63  13,  12,  11  and  10,  and  T.  64-10  and  9. 
bro,  Gabhroloid,  Muscovado  and  "  Greenstone'''  —  These  for- 
ns  are  confined  to  the  southeastern  portion  of  the  district 
ned.  Gabbro  first  appears  about  Illusion  and  Ima  lakes, 
lis  in  Thomas  and  Fraser  lakes,  and  stretches  northeast 
r  to    Kekekabic.       It  is    generally    qnite    coarse  and 
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quite  nnifona  in  texture  and  compositioii.  It  exhibits  a 
teDdencyto  oxidize  and  disintegrate.  In  places  the  amount 
of  iron  is  very  cooBpicnoas.  No  traces  of  vertical  bed- 
ding have  been  seen  iu  it.  It  is  not  conformable  with  the 
schists  or  conglomerates.  The  only  bedding  anywhere  seen  was 
nearly  horizontal,  and  here  it  had  the  irregularity  of  sheets  of 
successive  overflows  of  molten  matter.  Only  a  very  partial  ex- 
amination of  this  formation  has  been  made. 

In  the  vicinity  of  the  gabbro,  I  often  find  a  somewhat  gray- 
wackenitic  sort  of  rock  which' differs  from  the  ordinary  gray- 
wacke  in  ite  waxy  color  and  more  granular  texture.  We  have 
called  it  muscovado,  in  consequence  of  its  resemblance  to  brown 
sngar:  bat  ite  true  mineral  constitution  could  not  be  made  oat. 
Kor  could  it  be  ascertained  certainty  whether  it  is  a  part  of  the 
gabbro,  or  a  separate  outflow,  or  a  highly  metamorphosed  schist. 
Within  the  district  here  reported  on,  the  most  striking  exhibi- 
tion of  it  is  on  the  islands  of  Illusion  lake.  No  bedding  could 
be  seen,  but  the  formation,  nevertheless,  is  often  equaled  by  onr 
graywacke  in  the  massiveness  of  its  aspect. 

Within  the  sheet  of  gabbro  I  find  sometimes  a  coarsely  crys- 
talline rock  having  mnch  the  appearance  of  gabbro,  and  seem- 
ingly a  similar  constitution,  but  it  is  unifermly  Sner,  and  is 
quite  nnidentical.  I  have  in  some  cases  denominated  it  "  gab- 
broloid,"  but  probably  it  will  prove  to  be  essentially  gabbro. 

The  "greenstone"  or  green  rock  in  the  vicinity  of  Ogishke- 
mnncie  lake  is  not  yet  understood.  On  the  mountain  south  of 
the  lake,  we  find  an  extensive  development  of  it,  and  it  appears 
composed  entirely  of  grouped  scales  of  a  green  chlorite.  One 
would  readily  decide  it  to  be  an  eruptive  formation.  In  consonance 
with  snch  an  opinion  is  the  fact  that  we  find  on  the  west  side  of 
White  Iron  lake,  a  dike  filled  with  the  same  sort  of  matter,  and 
indications  of  similar  dikes  in  other  places  are  noticed. 
-  At  the  same  time  I  observed  on  the  high  hill  north  of  Ogishke- 
muncie  lake  conditions  of  the  common  formation  which  closely 
approach  the  gi-eenstone  of  the  south  side.  But  these  occur- 
rences were  indubitably  embraced  in  the  conglomerate.  Indeed 
traces  of  pebbles  could  still  be  distinguished,  though  the  whole 
was  almost  completely  transformed  to  a  homogeneous-looking 
"greenstone."  In  fact  a  similar  observation  was  made  on  the 
moantain  of  the  soath  side.  \ear  the  commencement  of  the  oc- 
currence of  the  greenstone,  it  was  noticed  thatontlines  of  pebbles 
coold  be  fointly  traced;  and  it  was  at  first  supposed  to  be  merely 
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a  phase  of  the  coDglomerate.  Finally,  this  greenstone  is  not 
essentially  different  from  the  groundmafis  of  the  conglomerate 
on  t^e  southwest  shore  of  Ogishke- muncie,  thongh  the  latter  is 
incomparahly  harder. 

On  the  whole,  then,  I  do  not  feel  prepared  to  state  whether 
the  greenstone  of  the  soatb  mountain,  or  any  part  of  it,  belongs 
to  the  syt^tem  of  the  Ogishke  conglomerate,  or  is  wholly  posses- 
sed of  eruptive  characteristics. 

Thickness  of  Formaiiotn. — -The  following  are  distances  across 
the  strike  of  the  schists  from  the  gneissic  crystallines  on  the 
north  to  the  gneissic  crystallines  on  the  south: 

First  section.  From  the  centre  of  section  22  in  Barntside  lake  S, 
26°  E.  to  the  centre  of  section  19,T.  62-11— adistanceoffii  miles. 
(Section  19  is  simply  assumed  as  the  probable  northern  limit  of 
the  southern  geuisses  in  the  direction  of  the  line  drawn.) 

Second  section.  From  the  east  end  of  Burntside  lake,  N.  W. 
i,  S.  E.  i,  S.  17,  T.  63-12,  8.  35°  E.,  to  vicinity  of  White  Iron 
lake — a  distance  of  5.33  miles. 

Third  section.  From  the  sontbem  extremity  of  Arm  IV, 
BasBwood  lake,  N.  E.  cor.  S.  28,  T.  64-11,  S.  29°  E.,  to  rapids  in 
Kawishiwi  river  (Halt  261),  S.  W.  i,  S.  W.  1,  S.  30,  T.  63-10 
— a  distance  of  7.18  miles. 

Fourth  section.  From  the  shore  of  Basswood  lake,  S.  E.  1, 
K.  W.  i,  S.  5,  T.  64-9,  S.  28°  E.  to  west  shore  of  Snowbank  lake 
(Halt  499),  in  N.  W.  1,  S.  E.  1,  S.  35,  T.  64  9,  a  distance  of 
six  miles. 

The  proportion.s  of  these  distances  taken  np  by  the  crystalline 
and  earthy  schists  respectively  can  not  be  very  precisely  ascer- 
tained, bnt  they  may  be  approximated  as  follows: 


0HV^.t..,..^.„,„,.O„.„.™. 

..«t«v^,^ 

4.e3niUe8=25,502  feei 

Average  ... 

3,036  tutt 

29,652  feet 

The  graywackenitic  belt,  which  is  included  above  in  the 
earthy  schists,  may  be  said  to  have  a  variable  width  of  about 
half  a  mile.  In  the  vicinity  of  Garden  and  Farm  lakes,  the 
graywacke  spreads  over  at  least  two  miles.  But  where  the 
gray wacke  is  wider,  the  sericitic  schists  are  narrower. 
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If  these  schiste  are  to  be  regarded  as  folded  tt^etber,  the  trae 
tbickoese  of  the  system  vonld  be  half  of  the  numbers  in  the 
above  table. 

East  of  raDge  9  I  have  DOt  the  data  for  giving  the  thickness  of 
the  schists  between  the  gneisses.  Ifor  do  we  find  the  schists  ex- 
tending southward  to  gneissic  crystallines.  As  already  Btated, 
they  are  terminated,  as  a  surface  formation,  by  the  gabbro;  and 
the  study  of  the  region  ha.s  not  yet  revealed  the  nature  of  the 
rocks  underlying  the  gabbro.  The  following,  however,  aresome 
facts  respecting  the  length  of  the  section  across  the  schists  inthe 
vicinity  of  Ogishke-mnncie  lake. 

If  from  the  gabbro  at  Halt  834,  in  the  southern  part  of  Gabi- 
michigamalake,  we  draw  a  line  through  GampersMsland  In  Ogish- 
ke-muucie  lake,  ST.  15°  W,  it  gives  us  a  section  across  the  strike. 
'  Then,  from  the  northern  border  of  thegabbro,  the  distance  across 
the  graywa«ke  is  approximately  li  miles.  The  next  three  miles 
are  across  the  Ogishke  Conglomerate,  and  that  is  regarded  as 
extending  to  the  mountain  visited  south  of  Knife  lake.  In 
this  neighborhood,  the  conglomeritic  character  of  the  formation 
has  nearly  disappeared,  and  argillite  prevails.  Beyond  this,  ar- 
gillite  extends  at  least  four  miles.  This  whole  distance  is  8\ 
miles.  But  the  direction  is  not  at  right  angles  with  the  strike. 
Sot  is  the  strike  at  all  uniform  throughout  that  distance.  At 
points  within  the  region  it  is  N.  82°  B.  (Halt  §24).  South  of 
Ogishke-muncie  lake  generally,  we  find  it  from  63°  to  78°  westof 
north  — tmsting  to  the  indications  of  the  needle  corrected  for 
regional  variation.  On  the  the  north  side  of  the  lake  it  ranges 
from  N.  22°  E.  to  N.  47°  B.  It  would  be  idle,  therefore,  to  at- 
tempt to  calculate  from  the  length  of  this  section  and  the  direc- 
tion of  the  strike,  what  would  be  the  distance  in  a  perpendicular 
line  across  the  strike.  One  might  estimate  in  a  rough  way,  that 
the  s«hists  and  conglomerates  are  here  six  miles  thick,  of  which 
the  Ogishke  Conglomerate  makes  at  least  2i  miles. 

We  have  some  means  for  arriving  at  an  estimate  of  the  vast 
thicknessof  the  gneissic  and  granitic  formations.  The  second  sec- 
tion, produced  northwesterly  from  Halt  643,  will  nearly  strike 
Halt  723,  at  the  further  extremity  of  Crooked  lake,  the  most  re- 
mote point  from  the  central  axis  of  the  schists  which  was 
reached  by  the  present  exploration.  This  is  a  distance  of  17 
miles  in  a  straight  line.  Over  the  whole  distance,  traces  of  the 
bedding  common  to  the  entire  system  can  be  seen;  and  there  is 
evidence  that  the  whole  distance  should  be  reckoned  as  repre- 
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senting  a  portion  of  the  proper  thickDees  of  that  mass  of  rocky 
matter  whlcti  became  the  goeiss  and  granite  of  the  region.  This 
£ive8  to  the  gneissic  crystallines  an  observed  thickness  of  89,7fl0 
feet 

Morphological  Phenomena. — I  wish  to  gronp  here  first,  some  of 
the  facte  oli^erved  in  connection  with  graduations  betveen  one 
roek  or  mineral  and  another;  and  secondly,  a  few  isolated  pheno- 
mena connected  with  the  modes  of  occorrence  of  some  geological 
conditions.  These  phenomena  I  speak  of  simply  as  facts  with- 
oufc  any  reference  to  their  origin. 

As  to  gradations  from  rock  to  rock,  I  wish  chiefly  to  recapit- 
ulate what  has  been  said. 

1.  Prom  sericitic  schist  to  argillite.     All  intervening  condi- 
tions as  to  color,  seritization,  solidification  and  indnration  may 
be  noted.     This  transition  is  of  course  most  frequent  between  ■ 
buff  and  dark  argillites. 

2.  Between  sericitic  schist  —  especially  the  argillitic  varieties 
— andchloriticsehist.  Allinterveningconditionsoccur.  Theprog- 
ress  ends  in  a  schist  which  is  eminently  and  characteristically 
a  chlorite  schist.  Bat  beyond  this  is  a  chlorite  rock  so  pro- 
foundly altered  that  even  the  schistic  structure  is  di^uised. 
The  rock  is  a  ragged  mass  of  irregular  chunks  compacted  to- 
gether. Seen  especially  at  the  falls  of  Fall  river.  It  is  less  ad- 
vanced on  the  shore  and  islands  west  of  the  falls  in  Fall  lake. 
Compare  Halt  529. 

3.  Between  graywacke  and  sericitic  schist.  The  passage  is 
often  observed  along  the  line  of  strike,  but  more  frequently 
■across  it.  Often  a  stratum  which  is  obstinate  graywacke  at  one 
point  is  a  slaty  rock  within  a  few  feet. 

4.  Between  graywacke  and  chloritic  graywacke.  As  in  the 
-chloritic  modifications  of  sericitic  schist,  so  those  of  graywacke 
proceed  until  the  rock  is  almost  a  compact  chlorite,  but  pos- 
sessing all  the  hardness  of  the  primitive  graywacke. 

5.  Between  graywacke  and  hornfels.  I  have  not  applied  this 
name  to  the  highly  indurated  condition  of  graywacke  of  which 
I  have  already  spoken.  Hornfels  is  described  as  a  contact  result, 
especially  contact  of  fine  graywacke  with  gi-anite,  as  in  the 
Harz,  but  many  examples  of  highly  indurated  graywacke  de- 
served to  be  recognized  as  hornfels,  although  generally  quite  re- 
mote from  granite.  The  transitions  are  very  often  noticed. 

6.  Between  graywacke  and  "nascent  mica  schist."  A  tran- 
sition observed  in  numberless  instances.     "Within  a  few  rods,  in 
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nosteases,  a  "nascent"  micascbist  discloses  itself  with  fiilly  de- 
veloped mica.  See  Halts  622,  527,  528.  The  passage  directly  to  . 
miei  schist  is  seen  at  Halte  72,  73  and  74. 

7.  Between  biotite  schist  and  hornblende  schist.  The  passage 
is  eesentially  one  from  biotite  to  hornblende,  generally  diall^e. 
At  first  some  fine  hornblende  individuals  appear  among  the  fine 
biotite  sc^es.  Oceasionally  an  individual  is  seen  which  is  biotite 
oDOne  side  and  hornblende  on  the  other.  At  Halt  233  the  tran- 
sition follows  the  strike  and  also  crosses  it. 

8.  Between  mascovite  schist  a,nd  sericitic  schist.  The  miisco- 
vite  scales  grow  finer,  thinner  and  whiter  at  each  step.  An  ex- 
ample at  Halt  69.  See  also  Halts  329,  334,  554. 

9.  Between  con^^lomerate  and  argillite.  An  entirely  usual 
passage,  resulting  simply  from  the  diminution  and  cessation  of 
pebblee.  At  Halt  114  the  weathering  of  schists  develops  a  pud- 
dingstone  structure. 

10.  Between  conglomerate  and  sericitic  schist.  See  the  de- 
scriptiouat  Halt  315.  Compare  also  the  conglomerate  of  Stuntz 
island  in  Vermilion  lake.    See  also  Halt  467, 

11.  Between  conglomerate  and  diabasic  rock.  Both  by  aug- 
mentation of  gronndmass  and  by  alteration,  both  of  pebbles 
and  gronndmass.  At  the  end  of  the  series  the  pebbles  are 
scarcely  discernible,  and  the  whole  formation  is  strongly  diar 
basic.  Seen  in  Ogishke-mnncie  lake  on  the  western  and  south- 
western shores. 

12.  Between  conglomerate  and  a  "  greenstone."  The  outlines 
of  the  pebbles  can  occasionally  be  traced.  On  the  mountain 
south  of  Ogishke-muncie,  and  also  the  one  on  the  north. 

13.  Between  conglomerate  and  porphyrel.  Porphyry  in 
which  outlines  of  pebbles  can  be  traced,  and  also  the  rudiments 
of  bedding.  Occurs  at  several  points  in  Zeta  and  Dike  lakes, 
and  in  the  central  part  of  Kekekabic 

14.  Between  diorite  and  sericitic  schist.  At  Halt  116,  a  fine 
compact  diorite  (supposed)  weathers  to  the  aspect  of  a  sericitic 
schist. 

Among  other  phenomena  may  be  mentioned  the  following: 

1.  Pelsitic  veins  split  by  quartzose  veins.     Halt  91. 

2.  Structure  lines  in  dikes  and  veins  conformable  with  bed- 
ding of  the  formation.  Seen  lu  a  granite  dike  running  with  the 
stratification  at  Halt  91.  Seen  in  sericitic  vein -forms  at  Halt  56. 
Compare  also  Halt  3  and  .dike-forms  at  Halt  334. 

3.  Structure  lines  in  veins  not  conformable  with  the  beddingof 
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formation.     At  Halt  54  are  sericitic  veins  which  j 
tecting  lines  of  Btructare. 

.  Dikes  aud  veins  with  schistose  or  slaty  structure.  At 
It  104,  reins  of  micaceous  and  bornblendic  character  oecur. 
)  matter  appears  derived  from  schists.  At  Halt  111  is  a  dike- 
;  form  consistipg  of  hydromica  schist.  Develops  conspicuous 
es  on  weathering,  A  similar  phenoiueiiOD  at  Halt  113,  but 
formable  with  the  bedding  of  the  formation.  A  similar  one 
Ealt  565. 

.     Relation  of  crystal  axes  to  planes  of  bedding.     Axes  seen 
ocident  in  numberless  cases.     Axes  seen  transverse  in  many " 
es,  as  at  Halt  122,  where  hornblende  crystals  cross  sericitio 
ist. 
.     BelatiOD  of  crystal  axes  to  walls  of  veins.     Both  attitudes 

illustrated  at  Halt  233. 

.     Bedding  of  unsedimentary  rocks.     Granite  extensively, on 

iswood  lake.   Gabbro  on  large  island  in  Gabimiclilgama  lake. 

:  Halt  840. 

'.     Quartz  grains  overgrown  by  feldspar.     Halt  411. 

yriff. —  A  thinsheet  of  drill  is  present  in  most  parts  of  the 

ion,  butit  is  difficnltto  discrimiuate  betweeu  superficial  de- 

lits  of  such  character  and  those  which  result  from  simple  sar- 

e  destruction  of  the  rocks.     Wbile  we  find  a  large  abnndauce 

transported  aifd   characteristically  rounded  rock   fragments 

Qg  the  lake  shores  and  through  the  interior,  it  is   a  striking 

t  that  along  many  shores  we  find  almost  exclusively  angular 

;ments,  or  those  simply  bruised  by  modern  lake  ice.     A  re- 

n  comparatively  iKJulderless  includes  Snowbank  Lake,  and,  as 

m  informed,  a  district  southward  from  there. 

leldom  are  any  very  large  boulders  found.     Some  boulder- 

e  mavises  strewn  along  the  Bapids  No.  6,  in  the  stream  on  the 

indary  (Halt  688),  far  exceed  the  average  size.  In  a  few  cases 

■y  large  rock  fragments  weie  noted,  which  seemed  to  be  mere 

gments  of  a  contiguous  formation  not  far  removed  from  place, 

her  than  true  erratics.     One  of  these  was  found  on  Stuntz' 

ind  in  Vermilion  lake  —  a  poroditic  mass.     Another  was  on 

island  in  Burntside  lake,  and  measured  some  18  feet  in  diam- 

r. 

Nothing  like  extensive  morainic  deposits  was  anywhere  found. 

Phe  direction  of  the  glacial  striie  in  all  parts  of  the  r^ion  is 

)ut  S.  21°  W. 
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.  That  the  eotire  regiOQ  has  andergoae  a  vast  amount  of  denu- 
dation is  a  fact  everywhere  apparent. 

That  glacial  action  baa  been  generally  operative  and  efficient 
is  shown  by  ths  smoothings  and  groovinga  so  generally  seen  on 
the  exposed  rocksurlucee.  Bat  too  much  of  the  vast  dennda- 
'tion  most  not  be  attributed  to_  glacial  action.  The  general 
surface  for  millions  of  years  was  exposed  to  the  oxidating  and 
disintregating  influences  of  the  atmosphere,  before  the  epoch 
of  continental  glaciation,  and  a  vast  volnme  of  comparatively 
incoherent  material  was  already  prepai'ed  to  be  swept  away. 
Still  we  are  reminded  again,  that  no  very  great  volume  of 
drift  products  has  been  deposited  within  the  region,  and  the 
conclusion  must  bfe  either  that  a  large  portion  was  transported 
beyond  the  limits  of  the  region,  or  the  pre-glacial  decay  was  not 
as  great  as  might  be  inferre<l  from  the  truncation  of  the  sal- 
ient masses  of  rock. 

Topographic  Features. — It  is  worthy  of  note  that  the  longer 
axes  of  the  nomerons  lakes  do  not  conform  with  the  strike  of 
the  rocks  nor  the  direction  of  the  glacial  striatiou.  In  the  west- 
ern part  of  the  region,  within  the  schistic  limits,  the  general 
trend  of  the  lake  axes  is  about  N.  65°  E.,  and  this  is  not  much 
less  eastward  than  the  mean  strike  of  the  schists.  In  the  east- 
ern part  of  the  schistic  district,  however,  the  lake  axes  are 
more  eastward,  while  the  schistic  lines  are  more  northward.  In 
other  words,  the  trends  of  the  lake  axes  in  the  western  region 
conform  more  with  the  geological  structure  and  less  with  the  di- 
rection of  the  glacial  action.  In  the  eastern  part  of  the  region 
they  conform  Htill  less  with  the  glacial  action,  and  lie  still  more 
across  the  lines  of  rock  structure. 

This,  at  least,  is  the  conclusion  from  the  indications  of  the 
magnetic  needle.  But  I  feel  much  suspicion  of  these  indications 
in  the  eastern  part  of  the  region,  and  should  prefer  that  the 
bearings  should  be  re-examined  with  the  aid  of  the  solar  com- 
pass. I  am  not  fully  prepared  to  believe  that  the  axes  of  Kek- 
ekabic  and  Ogishke-mancie,  for  instance,  lie  across  the  rook 
strike  at  so  great  an  angle,  nor  that  the  strike  actually  makes  so 
small  an  angle  with  the  meridian  as  is  shown  in  my  notes. 
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§  31.      PROVISIONAL  INTEEPBBTATION. 

details  of  fact  have  80  far  been  presented.  Tbese  were 
id  to  enable  each  i-eader  to  draw  his  own  couclieioiiB  a» 
an  be  done  from  a  aarvey  of  a  part  of  the  field  involved  - 
nterpretation.  For  my  part,  I  am  not  prepared  to  enon- 
lany  conclusions  except  in  a  tentative  way.     Bat  some 

conclusions  are  deemed  obvioos,  and  will  not  be  neg- 
by  further  studies,  and  some  soggestions  may  be  allowa- 
Q  while  subject  to  revision. 

Slruclure  of  the  Regwn. —  Evidently,  this  extensive  region 
ical  schists  has  been  subjected  to  powerful  disturbances 
3  the  body  of  rocky  sheets  on  edge.  It  wjia  a  widely  felt 
ance,  for  the  nearly  uniform  strike  and  dip  have  heea 
For  a  liundred  mites,  aud  few  merely  local  irregularities 
ien  noticed.  Thousands  of  square  miles  of  surface  must 
een  moved  consentaneously.  Does  the  belt  of  vertical 
present  a  single  series  from  side  to  side,  or  a  single  close 
th  the  duplication  of  a  series,  such  that  from  a  middle 
J  stratification  is  the  same  on  both  sides,  but  in  inverse 
Or  are  several  folds  present,  causing  more  than  one  dtt- 
in  of  the  succession  of  strata  T 

fold  exists,  the  thickness  of  the  system  is  the  length  of 
e  measured  across  the  strike.  If  one  fold  exists,  the 
•ss  of  the  system  is  half  the  length  of  that  line.  If  n  folds 
hen  the  thickness  of  the  strata  would  be  shown  by  the 
e  across  the  belt  of  schists  divided  by  2n.  lu  other  words 
the  thickness  of  the  formation,  d,  the  distance  measured 
the  strike,  and  n  the  number  of  folds,  then  iu  the  eqna- 
^  j',  if  we  substitute  1,  2  and  J  successively  for  n,  we 
:  i  d,  T=  \  da.n&T=d. 

,  I  think  no  geologist  could  cross  the  belt  of  schista  many 
rithout  feeling  convinced  that  the  existence  of  several 
an  impossibility.  I  feel  myself  confident  that  no  such 
tnces  of  similar  strata  are  observed  as  the  existence  of 
i-iQ  one  fold  would  necessitate.  On  this  question  it  seems 
hat  nothing  more  is  to  be  said.  I  think  a  multiplicity  of 
>uld  not  conceal  their  existence  during  a  three  months' 
gation.  This  is  one  of  the  points  which  I  shall  set  down 
ed  by  the  study  of  only  a  portion  of  the  entire  region, 
ve  recognize  then,  the  existence  of   a  single  foldt      I 
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believe  we  do,  and  the  following  fects  appear  to  demonstrate  its- 


1.  Iq  the  greater  part  of  the  region  examined  there  exists  on 
the  north  an  extensive  development  of  gneissic  crystallines, 
which  grow  less  schistose  as  we  proceed  northward,  and  may 
reasonably  be  expected  to  pass  into  a  strictly  non-schistose  state. 
This  mass,  whether  gneissic  or  granitic,  I  will  call  the  northern 
crystalllaes.  On  the  south  we  find  a  similar  mass  which  I  will 
call  the  southern  erystallines.  Here,  then,  are  two  extended 
regions  of  upheaval.  They  stretch  along  either  side  of  the 
schistic  belt.  They  areMeqaate  to  have  lifted  and  bronght  to 
a  vertical  attitude  on  each  side  the  long  body  of  schists  which 
have  been  thus  moved.  There  is  no  other  crystalline  mass  in 
any  such  relation  to  the  schists  as  to  give  plausibility  to  the  sug- 
gestion that  the  schists  had  been  disturbed  by  it.  The  very  sit- 
uation then  is  one  which  gives  antecedent  probability  of  the  ex- 
istence of  a  single  fold  rather  than  more. 

2.  Let  ns  examine  the  succession  of  strata  standing  between 
the  northern  and  southern  crystallines.  If  we  take  the  interval 
between  the  gneiss  of  Burntside  lake  and  the  syenite  gneiss  or 
White  Iron  lake,  we  find  on  the  north  side  that  the  beds  stand- 
ing in  contact  with  the  crystallines  are  mica  schist.  On  the 
south  side  the  beds  standing  in  contact  or  continuity  with  the 
syenite  are  also  mica  schist,  as  seen  at  Halts  223,  233,  230  and 
many  other  localities. 

Then  next  the  mica  schists  of  the  north  we  find  some  hydromi- 
caceouB  and  graywackenitic  schists;  on  the  south,  next  the  mica 
schists,  Ih  a  broad  belt  of  graywackenitic  schists  covering  most 
of  Garden  lake,  and  often  approaching  the  hornfels  condition. 
Further  east  and  west  similar  schists  follow  the  mica  schists. 

Between  the  belts  of  graywacke  lies  the  great  body  of  earthy 
schists.  Still,  as  before  said,  the  chloritic  and  argillitic  tend  rather 
to  the  outer  border  of  the  belt,  while  along  the  middle  the  schists 
are  predominantly  sericitio.  Here,  also,  are  the  heematite  de- 
posits. If  the  ores  do  not  occupy  the  very  highest  stratigraphi- 
cal  position  there  would  be  two  iron  belts  outcropping.  I  am 
not  yet  satisfied  that  this  state  of  things  exists.  I  can  only  say 
at  present  that  the  ores  occupy  the  middle  zone  colncidently 
with  the  sericitic  schists. 

If  the  strata  are  recurrent  in  invei-se  order  on  opposite  sides 
of  the  central  axis,  there  must  exist  under  ground  a  continuity 
-  between  the  mica  schist  of  the  north  and  the  mica  schist  of  the 
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south;  betweeD  graywacke  of  the  north  and  south,  the  earthy 
schists  are  simply  folded  together,  and  the  CFystalllnes  of  the 
north  pass  down  and  under  all  and  reappear  in  the  crystallines 
of  the  sonth.  The  situation  woald  then  be  represented  by  the 
following  diagram: 


■™nltnl;  HiiilliMilllilW,,  ¥  ^,.1 


a,  a,  Earthy  schists,  b,  b,  Graywacke.  c,  c,  Mica  schist. 
G.  O.  Crystallines. 

From  this  shoiring,  the  true  thickness  of  the  bedded  rocks 
of  the  region  would  be  as  follows: 


To  this  i^gregate  of  schists  may  be  added  the  observed 
breadth  of  goeiss  on  the  north  side,  making  a  total  thickues 
of  106,204  feet. 

The  schists  therefore  rest  in  a  basin  formed  in  the  general 
mass  of  crystallines.  They  occupy  a  geol<^cal  valley.  "We 
take  no  note  of  the  form  into  which  th^  exposed  snrfiaoe  baa 
been  carved. 

It  will  be  noticed  from  the  details  of  facts  given,  that  Uie 
original  bedded  aocumolation  does  not  end  downward  with  the 
mica  schist.  A  bedded  structure  strictly  conformable  and 
strictly  in  continuity  with  that  of  the  schists  continnes  into  the 
deeper  crystallines,  rendering  them  all  gneissic  to  the  further 
limit  of  the  observations.    "We  must  endeavor  to  think  all  these 
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1>e(lde(l  rocka  again  Id  »  horizontal  position.  We  then  see  the 
earthy  schists  at  the  top,  followed  down  by  the  gnvywacke  and 
the  iiiion  schists,  and  these  still  underlaid  by  intercalations  of 
schists  and  gneisses,  and  at  the  deepest  horizon  reached,  passing 
apparently  into  a  tine  gnmitie  rock  mass. 

This  is  the  chaiiicter  which  the  saccession  would  have  if  all 
vere  I'estored  to  the  condition  of  horizontality.  But  it  is  not 
necessary  to  conceive  that  horizontality  wjis  retained  until  each 
of  the  senes  of  rocks  had  attained  the  petrogrnphic  state  in 
which  we  now  observe  it. 

2.  The  Geological  History  of  the  Region. —  I  am  led  to  think  that 
we  may  tnice  in  the  petrographic  and  structural  phenomena  of 
the  region  the  records  of  two  periods  of  geological  activity — a 
period  of  sedimentation  and  aperiod  of  alteration.  I  conceive 
the  whole  ma^  of  rocks  brought  nnder  consideration  to  haveex- 
isted  originally  as  sediments.  I  express  the  opinion  as  an  infer- 
ence from  the  facts  observed  within  the  region,  not  in  conformity 
with  any  general  theory  of  primitive  tenestria)  conditions. 
ITor  do  I  consider  the  geognostic  canses  which  so  changed  the 
conditions  as  to  introduce  heat  and  metamorphism  where 
aqueoQS  conditions  had  long  prevailed.  The  rocks:— all  the 
rocks — present  to  me  the  aspect  of  sediments  more  or  less  al- 
tered. Respecting  the  succession  of  beds  aa  far  down  as  the 
graywacke,  no  difference  of  opinion  will  probably  be  enter- 
tained. No  one  could  reasonably  exclude  the  graywacke  from 
the  sediuientiiry  series  —  massive  and  semi-crystalline  as  it  some- 
times appears.  It  stands  in  too  close  relations  with  the  argil- 
lites,  and  affords  in  itself  too  many  features  of  stratification  to 
permit  the  question  to  remain. 

It  is  but  a  step, further  to  discover  the  evidence  of  the  sedi- 
mentary origin  of  the  crystalline  schists.  Their  stratification  is 
no  less  positive  than  that  of  the  graywacke  and  the  earthy 
schists.  It  is  scarcely  more  obscure  than  that  of  the  graywacke. 
To  assign  a  sedimentary  cause  for  the  structnreof  the  graywacke 
and  seek  for  another — an  antipodal  Ciiuse,  for  the  similar  and 
parallel  structnreof  the  mica  schists  is  to  reject  an  explanation 
which  is  probable  and  adequate,  and  invent  one  which  is  purely 
hypothetical,  and  implies  a  system  of  coincidences  with  the 
structure  of  tlie  earthy  schists  which  it  seems  to  me  is  infinitely 
improbable.  I  can  under.stand  that  igneous  fiuidity  may  be  ca- 
pable of  disposing  niiitter  in  parallel  sheets,  but  even  if  it  could 
produce  sheets  of  as  gie-ut  regularity  in  position  and  thickness 
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as  the  processes  of  aqueous  sedimentation,  I  do  «ot  feel  driven 
''"  appeal  to  such  a  cause  of  bedding  in  the  crystalline   schists 
d  recognize  a  sedimentary  cause  in  the  contiguous  and  con- 
mable  gray  wacke  and  earthy  schists. 

Similar  reasoning  leads  me  to  trace  sedimentary  causes 
rough  the  entire  breadth  of  the  gneisses.  If  originally  sed- 
entary, these  have  indeed  been  so  altered  as  to  obscure 
ogressively  the  traces  of  their  ancieut  condition.  If,  at  the  ex- 
tme  of  the  series,  there  be  rocks  without  a  trace  of  sedimen- 
y  action  remaining,  I  am  willing  to  believe  it  has  been  simply 
[iterated.  The  continuity  of  the  succession  is  too  manifest  to 
rmit  me  to  think  the  gneisses  experienced  an  origin  totally 
ferent  in  its  nature  from  that  of  the  granites  iuto  which  they 
wluate  and  to  which  they  are  inseparably  welded, 
[n  what  form  the  original  sediments  of  the  gneisses  at  first 
sted,  I  will  presently  inquire  more  p,^rticularly.  The  gray- 
ekes  which  still  retain  something  of  the  sedimentary  con- 
ion,  exhibit  evidences  of  accumulation  ander  circumstances 
lilar  to  thoseof  later  formations.  The  Ogishke  Conglomerate 
1  the  argillitea  present  no  features  of  sedimentation  in  any 
ipect  exceptional.  It  is  a  fact  of  much  interest  that  the 
iglomerate  has  preserved  examples  of  so  many  species  of 
mitic  and  silicioas  rocks.  We  might  pause  a  moment  to  in- 
ire  into  the  conditions  of  this  pebble  accumulation.  Evi- 
Qtly  there  were  already  in  existence  consolidated  masses 
lich  had  acquired  the  condition  of  granite.  Somewhere 
etched  established  shores  whose  slow  degradation  afTorded 
J  materials  of  this  conglomerate.  Violence  there  most  have 
en  to  disrupt  the  rocky  masses.  Violence  there  must  have 
en  to  impart  such  movement  to  the  waters  as  would  cause  the 
irition  and  wastage  denoted  by  the  thoroughly  rounded  forms 
the  pebbles  and  boulders. 

But  that  ancient  granite  waa  not  the  granite  immediately  an- 
rlying,  and  which  we  have  studied  in  the  progress  of  this 
rk.  The  underlying  granite  was  not  yet  uplifted.  The  gath- 
ng  beds  of  pebbles  were  -stilt  lying  horizontal,  and  no  great 
iturbanee  had  been  felt  by  any  part  of  the  system  of  forma- 
ns  which  we  have  investigated  and  have  felt  disposed  to  pro- 
unce  a  unit  in  it«  history.  This  inference  is  confirmed  by  the 
araeter  of  the  conglomerate  constituents.  We  find  there  two 
three  varieties  of  granite  differing  fropi  any  discovered  in  the 
mations  of  this  system.      We  find  flints  and  jaspers  which,  aa 
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far  as  we  havs  explored,  eould  not  be  afforded  by  any  part  of 
this  system.  We  find  nothing  which  indisputably  couid  have 
been  derived  from  any  member  of  the  systera  — the  Vermilion 
system,  raiiging  from  the  granites  to  the  ejirthy  schists.  Those 
older  rocks  whose  destmction  afforded  material  for  the  building 
up  of  the  Vermilion  system  belonged  to  an  earlier  age  and 
were  parts  of  an  older  system.  Whether  either  was  what  geol- 
ogists have  styled  the  Huronian  system  or  the  Laureutian  sys- 
tem, or  whether  they  present  us  the  two  systeiu-s,  or  some  other 
systems,  the  observations  of  this  exploration  do  not  enable  us  to 
decide.  It  yet  remains  to  see  one  or  both  of  these  systems 
in  continuity  with,  or  in  some  intelligible  rotation  to,  some 
identifiable  body  of  rocks.  Of  this,  however,  I  feel  authorized 
to  testify— the  range  of  rocks  lying  within  the  field  of  my  ex- 
plorations in  Minne80*'a  represents  but  one  system..  I  can  not,  so 
far,  discern  any  grounds  for  assigning  different  parts  to  differ- 
ent great  systems. 

There  w^  next  a  period  of  disturbance  and  alteration.  The 
principal  features  of  the  alteration  I  suppose  to  be  as  follows: 
1.  The  crystalHzatioo  of  the  materials  of  the  gneissesand  crys- 
talline schists,  and  the  obscuration  of  bedding  planes.  2.  The 
formation  of  dikes  and  veins.  3.  The  porphyrization  of  por- 
tions of  the  sediments.  4.  The  softening  and  incipient  trans- 
formation of  the  mineral  and  chemical  constituents  of  the  con- 
glomerates and  some  of  the  earthy  schists.  .">.  The  partial  ser- 
icttization  of  portions  of  the  argillites.  6.  The  commencement 
of  the  elimination  of  ferrous  oxide  from  certain  minerals  in  cer- 
tain formations,  and  the  acrnmulation  of  it  in  distinct  regions 
and  specific  horizons.  7.  The  simultaneous  disengagement  of 
free  silica  and  its  lodgment  in  the  spaces  vacated  by  the  progress- 
ing transformations,  especially  within  the  theatre  of  ferrous  ox- 
ide formation. 

These  changes — physical  and  chemical — are  of  such  anature 
as  to  evince  the  action  of  heat  in  conjunction  with  water,  and 
may  be  referred  to  as  thei-mal  alterations.  I  recognize,  also, 
another  category  of  changes  which  seem  attributable  to  the 
agency  of  water  and  oxygen  without  extnwrdinary  heat,  and 
these  I  will  refer  to  as  athermal.  I  understand  that  both  ther- 
mal' and  athermal  changes  have  been  effected  largely  through 
the  instrumentality  of  chemical  action.  Perhaps  it  would  be 
more  exact  to  say  that  chemical  action  has  been  the  general  and 
the  real  cause,  while  the  presence  of  heat,  water  or  air  has  af- 
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forded  the  conditions)  under  vhicb  tbe  chemical  action  has  pro- 
ceeded. Among  the  athermal  resalto  of  alteration  I  would 
place:  1.  The  oxidation  of  portionn  of  the  argillites.  2.  The  ex- 
tensive  chloritization  of  the  earthy  schista.  3.  The  partial  de- 
crystallization  of  some  of  the  injected  prodncta.  4.  Tbe  folia- 
tion or  fibrous  texture  of  some  of  the  abnormal  dikes.  5.  The 
sllicification  of  poi-tions  of  formations.  6. .  Tlie  probable  for- 
mation of  some  of  the  quartzose  veins.  7.  The  continnaace  of 
the  uccnmulation  of  ferrous  and  ferric  oxides  and  the  conse- 
qnent  augmentation  of  the  iron  ore  deposits. 

As  to  the  method  and  circumstances  of  that  altering  action 
which  inaugurated  a  new  epoch  in  the  history  of  the  sediments 
of  the  Vermilion  system,  we  may  pause  to  contemplate  a  few 
deductive  iDfereuees,  We  can  not,  with  confidence,  determine 
the  cause  of  Ibe  cbauge  in  tbe  nature  of  tbe  geologic  actions 
exerted.  We  perceive,  however,  that  the  region  had  been  a 
long  time  sea-bottom,  and  for  ages  sediments  coai'se  and  fine  had 
been  accumulating  over  it.  I  have  shown  that  the  sediments 
which  underwent  cousolidaCion  into  schists  have  given  us  a 
thickness  of  16,00U  feet  of  rocks.  I  have  shown. that  the  schists 
and  gneisses,  all  conformably  bedded,  constitute  a  thickness  of 
106,000  feet.  The  accnmnlation  of  this  covering  over  the  bed 
of  the  ocean  must  have  exerted  an  important  influence  over  tbe 
relations  of  the  interiorand  exterior  of  tbe  earth.  If  the  increase 
of  temperature  downward' was  at  that  time  at  the  rate  of  one- 
fiftieth  of  a  degree  Fahrenheit  per  foot,  a  temperature  of  over 
2,000°  must  have  existed  at  the  bottom  of  this  bed  of  sediments, 
and  1,000°  at  mid-depth.  It  is  not  necessary  to  assume  that  just 
these  temperatures  existed,  to  feel  convinced  that  some  high 
temperature  had  come  into  existence  which  must  lead  to  import 
ant  changes  in  the  beds  of  sediments. 

This  thermal  condition  was  not  acquired  suddenly.  The  tem- 
peratures had  been  rising  progressively  during  all  the  ages  in 
which  the  sedimentation  had  been  in  progress.  Each  horizon  of 
sediments  bad  experienced  an  ever-increasing  intensity  of  beat. 
The  energy  of  tbe  action  had  been  progressively  augmented.  It 
bad  been  quiet;  it  grew  to  become  violent. 

The  heat  was  not  sufficient  at  the  lowest  borizon  here  consid- 
ered to  fuse  the  mineral  substances.  But  we  understand  that 
at  a  tomparatnre  less  than  1,000°  many  minerals  are  softened  or 
even  resolved  iu  tbe  presence  of  water  and  alkaliue  agents. 
This  was  the  situation  in  the  depths  of  the  sedimentary  sheets  of 
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the  system.  The  actions  are  too  familiar  to  justify  a  recital  of 
them.  For  unknown  ages,  while  resting  beneath  the  ocean's 
waters,  they  were  soaked  and  heated  and  boiled  incessantly. 
The  busy  forces  of  heat  and  chemism  undid  the  combinations 
which  had  previously  existed,  and,  auder  new  conditions, 'suc- 
ceeded in  rebailding  the  elements  in  new  molecular  and  mineral 
^gregates.  What  was  the  precise  nature  of  these  silent  pro- 
cesses it  is  not  my  purpose  or  province  to  describe.  Much  has 
been  done  by  recent  investigntois  to  throw  light  on  their  nature. 
Among  American  laborers  in  the  field,  I  amglad  to  acknowledge 
my  indebtedness  to  Wiidiworbh,  [rving,  Van  Hise,  Becker, 
Pumpelly,  and  others. 

It  was  dnringthis  epoch,  as  I  conceive,  that  the  most  import- 
ant of  those  metaniorphic  actions  took  place  which  made 
these,  rocks  what  they  are — the  deeper-seated  being  more 
changed  than  the  newer.  At  times,  the  growing  energy  of  the 
action  disturbed  wide  regions.  The  movements  of  the  beds — 
long  before  consolidated  —  rent  and  shattered  them  in  various 
degrees.  As  soon  iis  a  rent  was  opened  it  was  filled  by  some 
contiguous  matter  in  a  molten  or  in  a  plastic  state.  The  pro- 
fonndest  fractures  pierced  most  deeply  into  the  crust  of  the 
earth,  and  opened  into  matter  resting  in  a  state  of  complete 
fluidity.  Or  else,  opening  into  a  region  of  matter  kept  rigid  by 
enormous  pressure,  bTOiight  relief  to  the  pressure  and  conse- 
quent fluidity  to  the  matter.  Other  fractures  reached  only  to 
the  zones  softened  by  afjueo-igneous  action,  and  received  only 
injections  of  soltened  matter  which  cooled  at  some  later  period, 
retaining  upon  it  the  ambiguous  traces  of  both  fire  and  water. 
Sometimes  the  fissures  iu  a  rock  mass  were  filled  with  a  more 
softened  portion  of  the  rock  itself  squeezed  in  and  retaining  the 
pecnliar  dike  like  form,  white  composed  of  matter  nndisting- 
nishable  from  the  country  rock.  Sot  unfrequently,  especially 
in  the  shallower  zones,  the  rents  received  simple  aqueous  solu- 
tions, especially  of  silica  and  alkalies,  and  the  fissures  became 
filled  with  quartz  or  quartz  and  feldspar. 

In  the  earlier  part  of  this  tumultuous  history,  there  was  a 
period  during  which  gneiss-making  and  schist-making  condi- 
tions began  to  alternate.  Then  the  schist-making  conditions 
began  to  recur  more  fi-equently.  Then  they  persisted  for 
awhile.  This  was  the  the  most  uneasy  epoch  passed  before  the 
final  uplift;.  *Tot  unfrequently  alien  fragments  were  deposited 
on  the  ocean  bed,  and   the  gathering  sediments  settled  around 


Google 


198  FIFTEENTH  ANIiUAL  KEPOBT 

tbem.  These  ^fragnieuts  were  tbnist  np  from  beoeath,  or 
brongbt  by  violeot  moreiaenLs  from  some  different  sitaatioo. 
After  the  zone  of  crystalline  sebists  had  been  baried,  the  history 
was  marked  by  comparatii'e  quiet,  save  along  the  aneient  shore 
whose  slow  destFQction  was  yielding  materials  for  the  C^shke 
Conglomerate.  Again,  however,  in  the  epoch  of  sericitic  schists, 
there  appear  to  hare  been  renewed  dismptions.  Fragments, 
not  of  gnejssic  bnt  of  qaartzose  strata,  were  scattered  over  por- 
tions of  the  ocean's  door,  and  around  these  the  sheets  of  sedi- 
ments were  wrapped,  as  in  other  seas  and  earlier  times.  Often 
a  field  of  sediments  hardened  already,  perhaps  by  siticificatioo. 
was  shattered  into  nnmerons  fragments,  and  again  the  work  of 
silicification  recemented  them,  before  they  were  dispersed. 

I  desire  only  to  indicate  the  general  tenor  of  the  actions 
which  appear  to  have  taken  place  even  t)efore  the  final  up- 
heavals which  brought  the  l>eds  to  a  vertical  attitude.  It  would 
be  difficnlt  to  ascertain  what  juncture  in  the  progress  of  these 
activities  determined  a  sudden  increase  in  the  degree  of  me- 
chanical violence.  It  appears  probable,  however,  that  the 
movement  of  upheaval  was  rapid-  While  the  strains  were  ae- 
cumnlating,  the  body  of  the  sediments  remained  comparatively 
unmoved.  When  the  accnmnlated  strains  overbalanced  the 
power  of  resistance,  the  crisis  was  sudden  and  brief.  Some- 
where on  the  north,  the  deep  zones  of  softened  sheets  were 
nrged  upward  with  such  energy  as  to  break  through  the  over- 
lying strata,  and  to  reach,  probably,  the  level  of  the  ocean. 
Somewhere  on  the  sonth,  thedeep  zones  of  softened  sheets  were 
simultaneously  raised  through  the  rent  schists.  The  mechanical 
action  exerted  on  the  broken  schists  ami  gneisses  raised  their 
opposite  edges  along  the  two  entire  slopes  of  the  granitic  emer- 
gences. Pressed  from  the  noi-th  and  the  south  simultaneously, 
by  the  tendency  of  the  two  regions  of  emergence  to  unite,  the 
schists  suffered  a  complete  folding  together.  I  imagine  that 
their  own  weight,  when  raised  on  edge  and  narrowed  in  lateral 
extent,  'caused  such  a  subsidence  into  the  deeper  regions  of  the 
terrestrial  crust  as  to  bring  their  downward  continuation  within 
the  zone  of  destructive  heat.  These  schists  then  have  become 
the  mere  stubs  of  their  former  extension. 

Such  movements  could  not  take  place  without  the  occurrence 
of  many  fractures  and  the  injection  of  many  new  dikes  and 
veins.  I  conceive,  therefore,  that  some  of  the  dikes  stand  in  the 
attitude  in  which  they  were  originally  formed.     These  are  dikes 
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of  the  secoDd  era.  The  primitive  dikes,  however,  have  been 
brought  to  rest  on  their  edges.  The  directioo  which  represeots 
their  ancient  downward  continuity  is  that  toward  the  granites. 

I  am  led  to  think  the  upheaval  signalizes  the  close  of  the 
violent  actions  which  have  left  their  marks  apon  the  system  of 
rocks,  while  for  many  ages  the  scarred  and  transforitaed  strata 
have  rested  in  the  attitudes  in  which  we  have  made  their  ac- 
qnaintance,  those  (bither  and  less  fundamental  changes  have 
been  In  progress,  and  are  still  continuing,  which  I  designated  as 
athermal. 

With  this  general  outline  of  the  probable  history  of  the  re- 
gion which  has  I>een  the  theatre  of  a  season's  study,  I  leave  the 
more  detailed  investigations  in  the  nature  of  the  rocks  and  their 
molecular  histories  to  future  opportunities  and  to  other  hands. 

3.  Were  the  Gneissea  oi'iginaUy  Sedimentary  T — The  impoi'tance 
of  the  subject  requires  a  return  to  the  special  question  of  the 
gneisses.  I  am  quite  aware  that  an  impression  prevails  th^  a 
substantial  unconformity  exists,  or  ought  to  exist,  between  the 
gneisses  and  the  crystalline  schists.  I  have  been  much  im- 
pressed by  the  treatment  which  has  been  given  the  question  by 
Mr.  Andrew  C.  Lawson  in  his  very  able  and  well-considered  re- 
port of  the  geology  of  the  region  of  the  .Lake  of  the  Woods. 
There  is  much  resemblance  between  the  "Keewatin  series"  and 
a  part  of  the  Vermilion  system.  The  former,  however,  is  com- 
pletely isolated  from  other  schists.  It  lies  in  a  circumscribed 
basin  instead  of  a  long  trough,  and  has  been  pressed  by  granite 
upheavals  on  all  sides.  It  has,  therefore,  undergone  somewhat 
different  disturbances.  But  the  relations  of  the  crystalline 
sdiists  and  the  contiguous  gneisses  appear  to  be  precisely  like 
their  relations  in  the  Vermilion  system.  It  has  been  the  opin- 
ion of  the  earlier  geologists,  Bigsby,  Bell,  Q.  M.  Dawson,  Sel- 
wyn,  that  the  schists  and  gneisses  are  conformable.  Mr.  Law- 
son,  however,  argues  that  no  real  conformity  exists.  He  recog- 
nizes the  complete  conformity  between  the  bedding  planes  of  the 
schists  and  the  planes  of  foliation  of  the  gneisses.  But  the  lat- 
ter, he  maintains,  have  no  necessaiy  or  probable  dependence  on 
the  possible  sedimentary  planes  of  a  deposit  from  which  the 
gneiss  has  been  produced.  I  understand  Prof.  Irving  to  place 
■  great  reliance  on  the  same  principle.  Mr.  Lawson  regards  the 
gneisses  as  having  essentially  an  igneous  history.  With  him, 
the  ^heeta  interbedded  with  the  hornblende  schists  are  dikes, 
and  belong  to  a  later  age  and  a  different  mode  of  geological  action. 
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The  qaestion  is  one  of  such  fundamental  importance  that  I 
quote  the  passages  in  which  the  essence  of  Mr.  Lawson's  arga- 
ment  is  embodied.  He  says:  "It  is  highly  improbable  that 
the  foliation  of  the  gneiss  has  anything  to  do  with  an  original 
sedimentation.  *  *  *  *  Gneissic  foliation  is  seen  to  have 
been  developed  in  a  rock  which  was  once  in  so  liquid  or  viscid  a 
condition  as  bo  permit  the  passage  throagh  it  of  angular  blocks 
of  schist  to  considerable  distance  from  the  source  from  which 
they  were  detached.  A  rock  t-o  have  been  in  a  state  so  yielding 
most  necessarily  have  had  all  traces  of  an  original  sedimenta- 
tion, if  any  such  existed,  oblitei'ated.  Furthermore,  the  exist- 
ence of  a  well-marked  foliated  stractnre  in  dikes  which  have 
been  injected  within  the  schist,  both  parallel  and  transverse  to 
its  lamination,  and  which  are  sometimes  traceable  in  unbroken 
continuity  with  tjje  main  area  of  the  gneiss,  proves  conclusively 
that  such  foliation  was  induced  in  the  rock  snbseqneutly  to  its 
having  beensofl  enough  to  have  undergone  injectioa,and,  there- 
fore, to  have  had  any  traces  of  sedimentation  destroyed.  *  *  * 
As  a  matter  of  opinion,  I  incline  to  the  belief  that  the  granitoid 
gneisses  of  the  Laurentian  were  never  aqueous  sediments." 
Speaking  of  the  interbedded  schists  and  gneisses,  of  which  in 
one  case  he  enumerates  sixteen  recurrences  of  gneiss,  he  says: 
"These  bands  of  gneiss,  alternating  with  the  schist,  are  for  the 
most  part  regular  and  bed-like  in  their  character,  but  their  true 
nature  aa  injected  sheets  or  dikes  is  snfBeiently  revealed." 
Speaking  of  the  lack  of  evidence  of  sedimentary  stratification  in 
the  gneiss,  he  says:  "There  are  some  considerations  which 
point  to  a  very  distinct  historical  and  natural  break  between  the 
two  scries.  The  most  evident  of  these  is  the  sharp  contrast  in 
their  litbological  eJiaracters." 

These  considerations  possess  weight,  and  challenge  careful  ex- 
amination. I  proceed  to  summarize  briefly  the  facte  which  have 
led  me  to  believe  the  foliation  of  the  gneisses  sustains  a  relation 
of  dependence  on  an  ant^'cedent  sedimentary  structure.  In  mak- 
ing a  statement  of  these,  it  will  appear  how  I  would  proi>ose  to 
overcome  Mr.  Lawson's  difficulties. 

1.  The  gneissic  foliation  follows  very  exactly  the  planes  of 
schistic  sedimentation.  This  has  been  sufBciently  shown  in  the 
details  of  the  field  notes.  The  fiict  is  admitted  by  Mr.  Lawson, 
and  recognized  by  mauy  other  observers. 

2.  So  reason  can  be  given  for  supposing  subsequent  foliation 
would  so  closely  follow  the  schistic  sedimentation  unless  a  sedi- 
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mentatioQ  had  originally  existed  in  the  gneisses  strictly  con- 
formable with  that  in  the  schists'.  This  trntb  the  schists  them- 
selves illustrate.  The  schists  as  truly  as  the  gneisses  present  as 
the  original  sedimentary  material  transformed  by  metamorphic 
actiou  into  crystalline  forms.  As  truly  as  the  gneiss,  they  ex- 
hibit a  foliated  structure.  The  foliated  stractore,  as  everyone 
knows,  follows  closely  the  planes  of  the  original  bedding.  It  is 
fair  to  presume  that  the  similar  and  parallel  planes  of  foliation 
ia  the  contiguous  rocks  follow  also  real  sedimentary  planes. 

The  foliated  condition,  or  what  is  fundamentally  the  same, 
often  exists  in  schists  less  metamorphic.  Lawson,  speaking  of 
the  "  clastic  ^glomerates  "  refers  to  "  the  planes  of  schlstosity 
which  are  in  the  great  m^ority  of  cases  observably  identical  with, 
those  of  the  bedding." 

3.  The  gneisses  and  crystalline  schists  are  cognate  in  compo- 
sition as  well  as  in  strncture.  Quartz,  feldspar  and  mica  or 
hornblende  are  the  fundamental  constituents  in  both,  but  with  a 
less  conspicuous  presence  of  feldspar  in  the  schists.  Lawson 
says:  "  It  is  not  UDCommon  to  find  in  these  mica  schists  a  small 
proportion  of  feldspar."  Bayley,  cited  by  Lawson,  states: 
"  Throughout  this  microcrystalline  gronndmass  are  scattered  ir- 
regular pieces  of  kaolinized  feldspar,  porphyritic  crystalsof  the 
same  mineral,  with  beautiful  zonal  structure,  fresh  plagioclase 
with  twinning  lamellse."  Some  of  the  hornblende  schists  are 
similarly  feklspathic.  It  would  hardly  seem  that  the  difference 
in  composition  between  the  gneisses  and  schists  is  such  as  to  al- 
low the  inference  that  the  metamorphic  planes  conformed  to 
bedding  in  the  schists,  and  compel  us  to  seek  for  the  explanation 
of  the  metamorphic  planes  of  the  gneisses  by  appeal  to  "  a  to- 
tally different  mode  of  action." 

4.-  If  the  gneisses  possessed  a  very  di^erewfmineralogical  con- 
stitution, that  would  not  forbid  the  reference  of  their  parallel 
plaues  of  metamorphism  to  similar  causes.  Among  fossiliferous 
rocks  it  is  a  fundamental  principle  that  contrast  of  mineral 
characters  in  successive  strata  is  no  conclusive  evidence  of  dif- 
ference of  epoch, 

5.  It  seems  eminently  improbable  that  the  gneissic  beds  in- 
tercalated in  the  schists  should  be  of  the  nature  of  dikes.  One 
feels  prompted  to  follow  the  suggestion  with  an  exclamation 
point.  These  gueissio  sheets  are  too  numerous,  too  exact  in 
their  parallelism  with  the  schistic  beds,  and  often  supported  by 
schistic  walls  too  slender  to  give  countenance  to  the  conception. 
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Mr.  LawsoD  enamerates  in  one  instance  17  becis  of  gneiss  which 
alternate  with  16  beds  of  hornblende  schist,  and  one  of  the  beds 
of  gneiss  100  feet  thick  stands  between  two  beds  of  schist  five 
and  twelve  feet  thick.  It  is  only  conceivable  that  this  alteration 
was  efrect«d  before  the  upheaval;  and  if  so,  the  schists  and 
gneisses  belong  to  the  same  epoch —  even  if  the  gneissic  sheets 
were  overflows  of  molten  matter. 

6.  Fragments  of  gneiss  very  freqaently  occnr  in  the  schists. 
Hence  the  gneiss  is  older  than  the  schists,  and  coald  not  have 
been  injected  into  them. 

'  7.  The  gneissic  fragments  found  in  the  overlying  schist  have 
their  planes  of  foliation  in  all  positions,  regardless  of  the  bed- 
ding of  the  schist.  If  the  schistic  bedding  controlled  the  folia.- 
'  tion  of  the  gneiss  immediately  below,  it  would  be  able  to  control 
that  of  gneiss  bodily  inclosed. 

8.  The  foliation  of  the  gneisses  diminishes  as  distance  from 
the  schiste  increases  —  showing  that  it  is  inversely  as  the  amount 
of  alteration.  As  sigoa  of  sedimentation  diminish,  foliation  di- 
minishes. The  foliation  shows  some  dependence  on  sedimenta- 
tion. Its  presence  is  evidence  of  predisposing  sedimentary 
structure. 

9.  The  adjustment  of  planes  of  foliation  to  foreign  fragments, 
as  seen  in  the  wrapping  of  the  folia  about  masses  of  schiste,  re- 
veals the  tendency  of  the  foliation  to  assume  relations  to  exter- 
nal material  conditions.  It  is  a  coincidence  in  detail  with  prob- 
able sedimentary  arrangements  which  in  the  general  foliation, 
we  see  exemplified,  as  I  think,  upon  the  lai^  scale.  The  folia- 
tion-planes follow  the  sedimentation -planes  in  the  one  case  as  io 
the  other.  Unless  planes  of  deposition  act  as  predisposing  con- 
ditions on  the  position  and  conformation  of  planes  of  foliation 
we  should  expect  the  latter  to  occupy  positions  out  of  any  rela- 
tion to  objecte  which  might  have  determined  the  forms  of  sedi- 
mentation-planes. As  a  fact,  their  relation  is  so  close  Chat  they 
follow  exactly  the  linen  assumed  by  the  sedimentation  feature. 
All  these  things  reveal  a  connection  of  dependence  between  foli- 
ation-planes and  pre-existing  sedimentation -planes. 

10.  Injected  veins  do  not  prove  the  igneous  origin  of  the 
whole  gneissic  mass — nor  a  completely  igneous  condition  of  any 
part  of  it  —  but  only  a  softened  state,  which,  as  we  know,  might 
be  produced  at  a  temperature  far  below  that  of  igneous  fluidity. 

11.  The  foliation  often  seen  in  veins  —  especially  those  veins 
before  spoken  of,   in  which  the  vein-matter  is  closely  cognate 
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with  the  country  rock  —  may,  in  many  cases,  suRtain  a  relation 
to  the  earlier  aedi  mentation-planes  of  the  closely  contiguous  rock 
with  which  the  vein  it*  in  contionity.  If  so,  the  planes  of  folia- 
tion might  be  parallel  with  the  contiguous  walls,  or  at  any  angle 
with  them.  As  a  fact  we  find  them  in  8ome  cases  parallel  and  in 
others  inclined  to  the  walls.  Bnt  if  vein-foliation  were  quite  in- 
dependent of  a  previous  bedded  condition  of  the  mattcr^as  un- 
doubtedly is  the  case  in  foliated  veins  of  igneous  origin  —  the  di- 
verse position  of  those  planes  in  relation  to  the  vein-walls  shows 
that  a  contiguous  rock  surface  is  incapable  of  controlling  the  posi- 
tion of  the  foliation -planes;  and  hence  the  foliation- planes  of  the 
gneiss  must  have  been  determined  in  position  by  something 
more  than  the  surfaces  to  which  they  have  become  parallel.  We 
are  left  again  to  the  most  probable  supposition,  that  the  con- 
formity with  bedding -planes  which  may  have  existed  is  due  to 
some  condition  in  that  to  which  the  conformity  approaches 
closest  — that  is  to  sedimentation. 

12.  It  is  admited  that  the  gneiss,  during  the  period  of  its 
metamorphosis,  was  probably  in  a  pasty  condition,  though  we 
have  no  pi-oof  that  blocks  of  schist  were  very  far  transported  in 
it.  Some  limited,  deeper-seatod  portions  may  have  approached 
a  state  of  igneous  fluidity.  As  a  general  principle,  however, 
the  more  highly  heated  portions  of  matter  did  not  present  the 
conditions  of  gneiss-making.  They  afforded  diorites  and  some 
granites,  more  especially  diabases,  norites,  gabbros  and  doler- 
ites.  The  zone  of  the  gneisses  and  most  of  the  dolerites  lay  be- 
tween the  rocks  retaining  a  characteristic  sedimentary  condition 
and  masses  of  matter  returned  from  a  sedimentary  to  a  molten 
state,  or  else  —  especially  in  the  deeper  region  —  retaining  the 
molten  state  from  a  primordial  epoch.  We  are  at  liberty  to  as- 
sume for  portions  of  the  gneisses,  any  degree  of  fluidity  which 
observed  phenomena  seem  to  indicate;  and  yet,  for  the  great  body 
of  the  gneisses,  recognize  such  a  history  as  is  indicated  most 
plainly  by  the  general  tenor  of  all  the  most  accessible  facts. 

13-  Some  of  the  difficulties  experienced  by  geologists,  especi- 
ally German  geologists  and  their  followers,  in  admitting  a  former 
sedimentary  condition  of  most  gneisses  and  granites  arise8,prob' 
ably,  from  too  narrow  a  conception  of  geologic  history.  The 
period  of  our  gneisses  and  granites  was  probably  very  long  sub- 
sequent to  the  intervention  of  the  ocean  in  producing  crustal 
modifications.  Not  only  were  our  gneisses  and  gi-anites  once  real 
sediments,  as  I  venture  to  think,  but  beneath  them  were  earlier 
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sedlmeuts  uuknown  to  tis,  whicli  became  progressively  soiteaed 
and  fnsed,  with  the  progress  of  later  sedimeotation.  While  the 
earliest  crust  must  necessarily  have  been  iu  the  uature  of  a  fire- 
formed  slag,  that  has  loug  since  disappeared  —  unless  under  the 
deep  sea  —  aud  the  isogeothermal  plaues  of  fusing  temperature 
have  gradually  encroached  on  the  later  formed  strata,  in  order 
to  maiutoin  the  thickness  of  the  crust  at  the  value  required  by  the 
conduct  ibility  of  tlie  materials  and  the  difference  between  the 
external  and  internal  temperatures. 

14.  The  discussion  of  the  question  whether  certain  rocks 
are  to  be  regarded  as  of  igneous  or  of  aqueous  origin,  has  occu- 
pied too  much  attention.  There  must  always,  since  the  descent 
of  the  ocean,  have  been  rocks  in  formation  along  the  zone  where 
fire  and  water  were  contending  for  supremacy.  That  zone,  as  I 
have  stated,  has  gradually  ascended,  in  consequence  of  the 
thickening  of  the  crust  on  its  exterior.  So  far,  however,  as  the 
general  refrigeration  of  the  earth  has  progressed,  that  zone  has 
been  lowered.  Through  the  zone  of  conflict,  fire  and  water  have 
both  left  their  traces.  In  the  higher  planes,  the  action  of  water 
has  been  most  conspicuous;  in  the  deeper  planes,  heat  has  acted 
most  eneigetieally,  Chemism  hiis  been  everywhere  present  to 
accomplish  what  the  conditions  permitted  in  the  breaking  up  of 
old  molecular  structures  and  the  creation  of  now  ones.  Every 
rock -aspect  within  the  zone  of  conflict  has  originated  both  aque- 
ously  and  igneously.  There  has  been  no  exclusive  origination 
by  the  action  of  dry  heat  or  by  the  action  of  water  —  save  in 
those  wandering  dikes,  which  have  brought  sometimes,  into  the 
disputed  zone,  or  even  into  the  domiiu,  of  aqueous  activity,  the 
conditions  which  normally  obtain  only  in  the  exclusive  domain 
of  igneous  action.  If  we  could  truly  picture  the  state  of  matter 
in  the  deep,  water-soaked  and  centrally-heated  zones  of  eru-st, 
we  would  see  the  old  but  genuine  sediments  softening  into  a 
paste,  undergoing  a  powerful  digestion,  their  molecules,  loosened 
from  the  ancient  ties  which  bound  them,  all  astir  with  movement 
in  the  search  for  new  affinities";  new-formed  mineral  combina- 
tions growing  into  being,  and  adjusting  themselves  in  the  struc- 
tural frame  which  the  decaying  sedimentation-lines  arranged  for 
them,  undergoing  finally,  a  total  transformation,  so  that  no  par- 
ticle of  the  primitive  sediment  remains,  though  the  reminiscence 
of  it  is  visibly  built  i  nto  the  design  so  conspicuous  in  the  plan  of 
foliation  which  supervene-s. 
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§  32.       ECONOMIC  PEODUCTS. 

Afi  the  aurvBy  has  been  a  strictly  general  one,  no  special  atten- 
tion has  Ijeen  given  to  economic  results.  What  1  have  to  offer, 
therefore,  is  merely  collateral. 

The  mineral  resource  of  chief  interest  at  the  present  time, 
and  probably  the  one  of  chief  importance,  is  iron.  I  have  said 
all  that  is  necessary  at  present  reg'arding  the  geological  position 
of  the  iron  ores,  their  mode  of  occurrence  and  the  principles  of 
search.  Further  and  more  special  treatment  will  be  left  fco  other 
hands.  I  propose  simply  to  enumerate  here  the  localities  at 
which  I  have  myself  observed  indications  of  iron  ore,  and  also 
those  of  which  I  have  learned  by  report.  The  following  locali- 
ties show  my  own  observations  ai'ranged  according  to  halts:  In 
the  second  column  are  the  localities  known  from  information: 
4.    Sec.  20,  T.  62-15.  Sec.    8,  T.  B2-14. 

•23.     Sm.  la,  T.  62-14.  Sec.    4,  T.  62-14. 

26.     See.  U,  T.  63-14.  Sec.  ?0,  T.  62-14. 

37.     Sec.  15,  T.  63-14.  Sec.  "il,  T.  62-14. 

29.     Sec,  15,  T.  62-14.  Sec.  22,  T.  62-14. 

39.     Sec,  36,  T.  63-14,  Sec.  23,  T.  62-14. 

Sec,  19,  T.  62-14.  Sec.  13,  T.  62-14, 


61.     Sec.  19,  T.  62-14.  Sec  18,  T.  02-12. 

iTowerMin 


Sec.  27,  T.  62-15.  l -^    ..  «■   ™  ^^-  •'.  T.  fl 

Sec  27,  T,  62-15.  (  ^««erM"'«''  '      g^c.  16,  T.  62-12. 


65.  Sec  27,  T.  62-15.  Sec,  27,  T.  63-12. 

66.  Sec.  27,  T.  62-15.  Sec,  22,  T.  6.3-12. 
145.  Sec  20,  T.  63-11,  .  Sec.  22,  T.  6.t.ll. 
174.  Sec.  a«,  T.  63-11. 1  QiK,.,rf*„  Sec.  2;t,  T.  Ri-U. 
176,  Sec.  29,  T.  63-11.  J  »"^er^.iiy.  ^^  ^^  ,j,  g3_,^ 
•229.  Sec.  27,  T.  63-11.  Sec  25,  T.  S3-11. 

286.  Sec.  30,  T.  63-11.  1  See.  13,  T.  63-11. 

287.  Sec.  :»,  T.  ffit-U.  \  Eaton  &  Menit  (originally).      Sec.    8,  T.  62-13. 

288.  Sec.  30,  T.  63-11.  J  Sec.  5,  T.  62-13. 
200.  Sec.  18,  T.  63-11.  Sec.    4,  T.  62-13. 

The  sericitic  and  argiltltic  slates  of  the  region  yield  roofing 
materials  of  excellent  quality  and  of  two  principal  colors.  Some 
■of  the  most  favorable  localities  for  quarrying  are  at  Halts  479 
and  485.  These  are  both  in  Moose  lake.  The  former  are  of  a 
bluish-gray  color,  and  gresit  tables  ten  feet  square  are  found 
weathered  out  and  successfully  resisting  the  action  of  frost  and 
the  atmosphere. 

Good  flagstones  of  mica  schist, silicious  and  evenly  bedded, are 
found  iu  Farm  lake  at  Halt  228.  Similar  stune.s  are  found  on 
Burntside  lake  at  Halt  82. 
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Scythe-stones  of  good  smooth,  even  quality  occnr  at  Halt  82, 
and  again  at  Halt  92,  in  Burntside  lake. 

A  fine  smooth  whetstone  material  is  found  at  Holt  773,  at  the 
portage  oat  of  Delta  lake.  It  is  a  silicioos  slate.  A  vety  simi- 
lar slate  is  found  at  Halt  774,  at  the  portage  out  of  Epsilon  lake. 

A  fine  architectural  stone,capable  of  a  beautiful  polish,  occurs 
at  the  south  end  of  an  Island  in  Burntside  lake.  It  is  Halt  106. 
and  the  rock  is  a  dioritc  or  hyposyenite,  with  lustrous  black 
hornblende  and  a  pink  feldspar.  A  beautiful  syenite  suitable 
for  outeide  constructions  occurs  at  Halt  886.  This  is  of  medium 
grain. 

A  handsome  rock  for  inside  architecture  is  the  chloritic  seri- 
citic  schist  at  H<ilt  566  in  Ensign  lake.  The  chloritic  constitu- 
ent is  bright  green  ami  gives  th«  rock  a  showy  appearance.^ut, 
as  the  rock  weathers  rusty,it  can  not  be  recommended  for  exposed 
situations. 

So  geological  improbability  exists  of  the  occurrence  of  ores  of 
silver  in  some  of  the  quartz  veins  of  the  sericitic  schists.  Tlie 
pyrites  thrown  out  plentifully  in  an  opening  on  an  island  in 
South  Eagle  Nest  lake  might  fairly  be  expected  to  prove  argen- 
tiferous orevea  auriferous.  Simply  the  question  of  tkct  remains 
to  be  determined. 

§  33,      COMPLETION  OF  THE  STUDY. 

The  field-work  remaining  within  the  district  here  reported  on 
is  not  extensive.  It  may  be  well  to  examine  the  north  side  of 
Burntside  lake  from  the  west  end  to  and  through  section  16. 
The  two  lakes  east  and  soatheast  of  Snowbank  lake,  one  of  which 
is  name  I  Disappointment  hike,  ought  to  be  visited,  though  I  am 
sore  the  approach  will  be  difficult.  They  lie  in  a  region  not  far 
from  the  junction  of  the  southern  syenite  and  the  gabbro  of  Ima 
lake.  Gabimichigamalake  requires  further  Btudy,and  Kekekabic. 
though  quite  carefully  examined,  will  probably  repay  a  re-ex- 
ami  nation. 

In  the  wider  prosecution  of  the  survey,  the  field-work  should 
by  all  means  be  extended  over  the  r^on  lying  cast  and  south- 
east of  Ogiskke-muncie,  aa  far  as  LakeSuperior  and  Thunder  bay. 

Before  final  judgments  can  t>e  passeil  on  any  part  of  the  re- 
gion, even  that  here  reported  on,  the  whole  collection  of  rocks 
and  miner.ds  shouUl^be  subjected  to  careful  and  competent  mic- 
roscopic examination.     Every  aid  which  microscopic  research 
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or  chemical  analysis  can  bring  should  also  be  aammoned  into  the 
investigation.  All  these  researches  shoald  be  carried  on  in  the 
light  of  comparative  stadies  in  other  fields  vhich  have  become 
classic  in  the  history  of  geological  science. 

If  the  stndy  of  northern  Minnesota  can  be  completed  in  some 
sach  manner  as  here  indicated,  I  believe  the  result  will  mark  an 
era  of  important  progress  in  Archtean  geology. 
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GEOLOGICAL  REPORT  OF  N.  H.  "WINCIIELL. 


I.      THE  IRON  OEES  OF  MINNESOTA. 

By  reference  to  the  geological  map  which  accompanies  this 
report  the  statements  that  follow,  respecting  the  distribution, 
both  geographic  and  geologic,  of  the  iron  ores  of  the  northeast- 
em  pait  of  the  state  will  be  more  easily  understood.  This  map 
extends  from  the  west  end  of  Vermilion  lake  eastwardly  to  the 
extremity  of  Pigeon  point,  including  a  belt  of  country  thiity-six 
miles  wide  from  north  to  south,  and  about  one  hundred  and 
forty-five  miles  long  from  east  to  west.  Within  this  area  are 
some  townships  which  have  not  yet  been  subdivided  by  the 
United  States,  and  no  plats  of  their  geography  can  be  obtained. 
These  are  mainly  left  blank.  This  map  is' designed  to  express 
all  that  is  known,  at  the  present  time,  of  the  areal  distribatiou 
of  several  giand  rock-groups,  and  to  serve  as  a  basis  for  future 
exploration  and  study.  It  must  not  be  interpreted  too  closely, 
for  it  is  apparent  that  between  the  points  at  which  personal  in- 
spection has  been  made  by  any  members  of  the  survey,  are  some- 
times intervals  In  which  some  changes  may  take  place  in  the 
geographic  boundaries  of  which  we  have  now  no  knowledge,  and 
that  these  are  not  therefore  represented  on  this  map. 

The  stratigraphic  position  of  the  iron  ores  of  the  northern  part 
■of  the  state  was  indicated  in  1885,*  in  a  brief  statement  in  the 
report  for  that  year.  Since  that  time  much  private  exploration 
has  been  carried  on,  and  a  season's  work  has  been  done  by  the 
survey  in  the  country  where  these  ores  are  foand.  Much  more 
is  known  concerning  the  detailed  geological  relations  of  these 
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oree  and  their  parent  rock-maeses  than  at  that  time,  but  nothing 
has  been  learned  which  invalidates  the  general  grouping  then 
given. 

There  seem  to  be  three  horizons  in  the  strata,  in  northeastern 
Minnesota,  that  have  attracted  attention  for  their  iron-bearing 
quality,  and  there  are  two  distinctly  different  classes  of  ore.  If 
these  be  considered  in  wh^  may  be  taken  for  the  descending 
Order  the  titaniferous  ores  will  come  first. 

Tke  tUaniferous  ores.  The  first  examiaation  ever  made,  so  far 
as  known,  of  this  ore  in  Minnesota,  and  probably  the  first  in  the 
entire  northwest,  was  done  by  the  survey.  The  samples  exam- 
ined were  from  the  neighborhood  of  Duluth,*  and  the  metallic 
iron  amounted  to  something  over  sixteen  per  cent,  with  quite  a 
notable  quantity  of  titanium.  At  that  time  some  local  interest 
was  awakened  over  the  supposed  existence  of  valuable  ore  de- 
posits within  the  corporate  limits  of  the  city  of  Duluth.  It  is 
sufficient  to  say  that  the  excitement  soon  subsided,  when  it  be- 
came known  that  the  ore  was  likely  to  run  low  in  iron,  and  that 
the  amount  that  was  known  to  exist  was  quite  limited.  Besides 
these  facts,  the  presence  of  a  considerable  percentage  of  titanium 
would  have  operated  disastrously  upon  the  enterprise,  had 
the  discovery  been  pushed  far  euongh  to  have  been  worthy  of 
the  name. 

In  the  investigations  by  the  survey  which  were  began  in  1878, 
numerous  instances  occurred  in  1879,  '80  and  '81,  where  the  ti- 
tanic nature  of  these  ores,  and  their  relation  to  the  rocks  embrac- 
ing them,  were  noted.  Samples  of  iron-sand,  from  the  beach  of 
lake  Superior,  were  gathered  at  Black  beach,  near  Beaver  bay 
(see  survey  number  126),  weathered  out  from  a  rock  a  short  dis- 
tance from  the  lake  shore.  This  sand,  which  is  so  abundant  as  to 
give  name  to  the  beach,  has  the  following  composition,  according 
to  Prof.  James  A.  Dodge :  f 

Silica. 6.1.17 

Tibuiinm  binoxide 2.49 

PhosphorDs tracen 

Protoxide  of  Iron. 2.23 

Hnguetic  oxide  of  iron 30.06 

9».94 
Total  metallic  iron 23.50 

•  Fidh  innual  i'«|»rt,p.  63. 

fThi^proKiEldeiir  iroDTiucompuled  u  united  nltli  2.48p*r  cenlaF  hlnDildeortitsnium. 
I  compute  how  mucb  F«  O  li  required  to  unlle  irith  ttiedel«miliied  mount  of  Tt  Oitafarm  Fq 
OTiOg;  then  I  compute  whutrenulaa  oftheliDnuFeg  Of.— [iJodfcI 
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The  rock  from  which  this  sand  is  derived  is  one  of  the  well- 
known  forms  of  the  great  gabbro  range,  an  Igneoas  rock  wiiich 
nearly  everywhere  embraces  a  greater  or  less  amonnt  of  this  ore 
as  an  original  ingredient.  In  the  eighth  report  of  progress  the 
following  statement  is  made  concerning  this  ore : 

The  iron  tbat  is  common  io  this  lock  seems  to  be  always  titamferons.  Yei7 
iBiely  anj  aystalline  forms  cao  be  discerned.  It  seems  to  have  formed  in 
crystalline  condition  later  than  tbe  plt^^ocUae  and  pyroxene.  Tt  attachee  itself 
to  the  polea  of  the  magnet,  bat  yields  in  deoomposition  in  situ  a  white  Bubtrans- 
lacent  or  opaqae  sahatance  chaTaot«ristic  of  menaccanite. 

In  the  report  for  1881  is  given  the  geology  of  the  iron  ore 
found  at  Mayhew  (or  Iron)  lake  on  Sec.  36,  65-3.  In  general 
it  is  summarized  as  foUowB:  It  is  a  condition  of  the  trap  of  the 
conntry,  and  is  almost  entirely  made  up  of  magnetite.  The  ore 
is  in  the  igneous  rock,  varying  in  quality  very  much,  even  pass- 
ing into  rock  that  can  not  be  styled  iron  ore.  It  involves  with 
itself  nodules  of  coarse  gabbro  containing  considerable  mag- 
netite. It  also  embraces  isolated  pieces  of  gray  quartzyte  (ap- 
parently) bnt  which  in  thin  section  are  seen  to  consist  of  pli^o- 
olase,  magnetite  and  augitej  and  some  dark,  crystalline,  micace- 
ous nodnles.  It  has  an  apparent  dip  toward  the  south,  in  beds 
whose  aggregate  thickness  is  at  least  fifty  feet,  but  may  be  sev- 
enty-five feet,  the  actual  amount  being  hid  by  a  swamp.  It 
sometimes  gives  place  to  a  coarse  trap  of  the  same  kind,  which 
is  so  large  in  amonnt  as  to  constitute  the  rock  of  the  place,  and 
its  connection  with  the  ore  can  not  be  seen.  It  lies  on  a  fine- 
grained gabbro,  with  chrysolite,  which  resembles  a  fine  granular 
gray  quartzyte.'  There  is  sometimes  an  apparent  northward  dip, 
at  a  high  angle,  bnt  this  is  due  to  a  deceptive  appearance  of 
columns  of  basalt.  The  ore,  which  is  in  considerable  quantity, 
is  of  fine  qnality  so  far  as  metallic  content  is  concerned,  and  is 
visible  in  numerous  places  in  the  same  vicinity.* 

"This  iron  ore  constitutes  what  is  locally  known  as  the  May- 
hew  Iron  Bange,  and  is  fonnd  in  a  belt  about  a  mile  wide  on 
both  sides  of  Iron  lake,  and  on  the  south  side  of  Portage  lake, 
and  between  Portage  and  Poplar  lakes."  An  analysis  of  this 
ore  has  been  made  by  the  survey,  showing  the  following  composi- 
tion: 
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Silica. 20.90 

Alnmioa 1.75 

Magnesia 2.63 

Titaniam  binoiide 2.23 

Phosphorus none 

Protoxide  of  iniD 2.01 

Magnetic  oxide  of  iron 70.29 

99.61 

Total  metalliniron 52.46 

This  magnetited  trap  spreads  widely  towards  the  southwest 
from  Maybew  lake,  and  ia  several  places  coostitutes  bold  knobs 
of  irOD  ore  risiiig  above  the  surface  several  feet  and  eztendiag' 
several  rods.* 

Boulders  of  m^netic  iron  ore,  containing  a  notable  quantity 
of  titaniam,  are  scattered  over  the  country  between  Grand 
Marais  and  Maybew  lake.  These  were  noted  first  by  Mr.  E.  Le  M. 
Hoare,  who  made  a  preliminary  survey  for  a  railroad  from 
Grand  Maraia  to  Mayhew  lake,'  and  who  had  some  analyses  made 
which  showed  a  content  of  titanium  varying  from  six  to  thirteen 
per  cent.  They  were  also  noted  by  the  writer  in  1879  in  making 
a  trip  across  the  country  from  Grand  Marias  northward. 

Since  the  forgoing  facts  were  ascertained  there  has  been  a 
rapid  accumulation  of  information,  much  of  it  still  unpublished, 
which  goes  to  show  that  the  iron  location  at  Duluth  and  that  at 
Mayhew  lake  are  connected  by  a  continuous  rock  formation,  and 
that  at  many  other  places  between  those  extremes  a  similar  ore 
has  been  fonnd.  It  is  always  magnetic;  it  frequently  rises  in 
conspicuous  outcrop.  It  is  on  some  of  the  highest  land  in  that 
part  of  the  state;  it  follows  the  Mesabi  range;  it  is  in  the  gabbro 
belt,  and  varies  greatly,  and  often  abruptly,  in  quality,  but  it 
exists  in  enormous  quantities. 

In  the  state  of  New  York  are  titanic  iron  ores,  and  they  are 
associated  with  the  "hyperethene  rock,"  of  the  Adirondacks. 
This  rock  in  New  York  has  been  classed  in  the  Laurentian,  but 
if  it  be  of  the  same  age  as  the  gabbro  range  of  Minnesota,  it  is 

•  An  aDalfila  rdportcd  bf  Ur.  UwiH)  perfomwd  b;  B.  li.  Babntiwu,  of  Plltsburg,  P*.,  gare  Uie 
folloirine  rwult : 
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very  far  from  being  at  the  bottom  of  the  crystalline  rocks,  aad 
if  it  be  of  the  same  origin  as  the  gabbroit  seems  not  to  be  of  the 
□atnre  of  metamorphic  sedimentary  rock. 

It  should  be  statetl  that  it  is  not  by  any  means  trae  that  all 
the  magnetic  ores  of  the  state  belong  to  the  titaniferons  class, 
while  it  is  true  that  a  large  proportion  of  tliem  do.  There  are 
some  magnetic  areas  not  embraced  in  the  gabbro  belt,  which  have 
different  rock  associations,  and  there  is,  often,  a  considerable 
amonnt  of  magnetite  disseminated  through  the  hematite  at 
the  best  known  and  most  rained  mines.  8nch  magnetite  is 
not  titaniferons,  and  if  found  in  large  amounts  it  wonld  be  very 
valuable. 

There  is  besides  a  notable  difference  in  the  litantiferona  ores. 
The  most  couspicaous  outcrops  of  these  consist  of  a  coarsely 
crystalline  black  magnetic  ore,  rising  boldly  above  thesnrround- 
ing  country.  The  rock  association  is  a  typical  coarse-grained 
gabbro,  consisting  of  plagioclase,  augite  and  titaniferons  magne- 
tite. The  ore  seems  to  grade  inbo  this  rock  insensibly  in  some 
directions.  In  this  gabbro  rock  generally  but  little,  if  any  oli- 
vine can  be  seen,  and  the  rock  is  fresh,  clean  and  firm  under 
the  hammer.     The  powdered  ore  is  black. 

Other  outcrops  of  this  ore,  or  ore  associated  with  the  gabbro 
rocks,  are  often  in  lower  ground.  The  rock  is  highly  magnetic 
and  very  heavy,  and  almost  the  only  discernible  mineral  associ- 
ated with  it  is  olivine.  The  aspect  is  rusty,  from  the  decay  of 
the  olivine;  the  grain  is  fine  and  close,  so  compact  that  with  the 
unaided  eye  the  separate  grains  can  hardly  be  distinguished. 
While  this  ore  is  also  generally  titaniferons,  some  late  analyses 
made  by  the  survey  seem  to  indicate  that  there  may  be  very 
valuable  deposits  of  this  olivinitic  ore  in  the  gabbro  belt  that 
are  not  affected  at  all  by  this  impurity.  This  ore  when  crushed 
has  a  dark  powder,  but  somewhat  greenish,  due  to  the  powder 
of  the  serpentinous  material  that  results  from  the  decay  of  the 
olivine.  So  far  as  known,  this  class  of  ores  appertains  to  the 
lower  part  of  the  gabbro  rocks,  and  hence  lies  along  its  northern 
edge,  but  it  is  possibly  distributed  throughout  the  gabbro  area. 

This  rock,  and  the  ore  associated  with  it,  seem  to  compare 
well  with  the  eruptive  serpentinous  rock  and  magnetite  of  the 
Iron  hill  mine  at  Cumberland,  Rhode  Island,  and  they  probably 
have  the  same  origin. 

A.  typical  titaniferons  magnetic  iron  ore,  besides  being  apt  to 
disturb  the  needle  of  the  compass,  Is  distinguished  by  being 
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black  when  powdered,  and  hard  to  break,  and  when  freshly 
broken  has  a  coal-black,  but  lustrous  fractured  surface  somewhat 
resembling  that  of  anthracite  coal,  both  in  its  lustre  aud  in  the 
angularity  of  the  fracture, 

Ifon-tUaniferotts  magnetic  ores.  There  are  several  well-kDOwn 
localities  where  the  quartz-schist  embraced  in  the  same  forma- 
tion as  the  hematite  ores,  is  highly  chained  with  non-titaniferous 
magnetite.  This  is  found  to  oecar  in  the  neighborhood  of  the 
northern  line  of  the  gabbro  belt,  but  nob  in  the  gabbro  forma- 
tion. Sonietimee  these  magnetic  quartz-schists  are  closely  asso- 
ciated with,  and  apparently  overlain  by  a  diabasic  rock,  in  un- 
comformable  super-position,  the  schist  standing  nearly  vertical, 
and  the  diabasic  *  rock  lying  over  the  whole  somewhat  in  the 
manner  of  an  overflowing  igneous  rock.  The  same  quartz-schist 
in  other  places  in  the  same  vicinity  is  apparently  changed  to  a 
jBspei'oid  siliceous  iron  ore  of  the  hematite  class,  allowing  the 
observer  to  infer  that  for  some  reason,  perhaps  owing  to  the 
greater  effect  of  the  igneous  rock,  there  was  a  greater  concentra- 
tion of  the  accumulating  iron  oxide  so  as  to  produce  magnetite  in- 
stead of  hematite.  Such  non-titaniferous  magnetite  seems  to  be 
that  found  in  T.  6S-11  and  T.  59  and  60-14.  It  is  comparable  to  the 
iron  ore  found  at  Black  Biver  Falls,  in  Wisconsin,  and  at  the 
western  end  of  the  Penokee-Gogebic  iron  range  on  the  south  side 
of  lake  Snperlor.  This  kind  of  magnetite  accompanies  the 
hematites.  It  is  found,  apparently,  in  all  places  in  the  same 
formation  and  when  it  exists  in  favorable  situations,  and  has  suf- 
ficient percentage  of  iron,  it  has  unexcelled  qualities  as  a  mer- 
chantable ore. 

A  non-titaniferous  m^netite  is  similar  in  outward  characters 
to  the  titanifei-ous,  but  has  a  less  lustrous  black  color,  and  is  apt 
to  act  more  powerfully  on  the  compass  needle. 

Wemalite  ores  —  Historical.  The  gre^  merchantable  ore  depos- 
its of  the  state,  and  of  the  northwest,  so  far  as  known,  are  of 
hematite,  although  some  of  the  mines  at  Ifegaunee  and  Ish- 
peming,  in  the  state  of  Michigan,  have  supplied  large  quantities 
of  non  titan iferous  magnetite. 

The  first  official  information  which  the  state  of  Minnesota  had 
of  the  existence  of  iron  ore  in  the  northern  part  of  the  state,  was 
furnished  by  the  late  state  geologist,  Henry  H.  Eames.  Although 
the  work  of  Mr.  Eames  in  the  region  of  Vermilion  lake  was  di- 
rected, iu  the  main,  toward  the  discovery  of  gold  Emd  silver  in  the 
numerous  "veins"  and  "leads"  withwhichhe  found  the  rock  of 
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the  region  to  abound,  his  report  for  the  year  1865  contains  the 
following  concise  account  of  the  region  in  which  the  Minnesota 
Iron  company  has  since  opened  the  wonderfttl  mines  of  the  Ver- 
milion range. 

THE  lEON  KANOE  OF  VERMILION  LAKE. 

''The  iron  mnge  of  Vermilion  lake  is  on  the  east  end  of  the  lake,  on 
the  stream  known  as  Two  River,  which  ia  aboat  sixty  feet  wide.  There  are 
two  paTallel  ridges,  forming  the  honndaiy  of  this  stream,  and  at  the  month, 
on  each  aide,  are  extensive  tamomck  swamps.  This  lange  is  aboat  one 
mile  in  length.  It  then  ceases,  and  after  passing  through  a  swamp  another 
uplilt  is  reaches],  from  two  hnndred  luid  Glty  to  three  hundred  feet  high. 
The  iron  is  exposed  at  two  or  three  points,  between  fltt;  and  sixty  feet  in 
thickness.  At  these  points  it  presents  qaite  a  mniul  face,  hot  below  h  is 
covered  with  detritus  of  the  over-capping  rock.  On  this  account  ite  exact  thick- 
ness contd  not  be  correctly  ascertained.  The  ore  is  of  the  variety  known  as 
hematite  and  white  steely  iron,  nnd  is  associated  with  quartzose  jasperoids 
and  serpentine  rocks.  It  generally  has  a  cap-rock  of  irom  three  to  twen^  feet 
thick.  A  little  to  Che  north  of  this  is  an  exposure  of  magnetic  iron  of  very 
goofi  quality,  forming  a  hill  parallel  with  the  one  described. 

"The  hematite  iron  has  a  reddish  appearance  from  exposnre  to  atmospheric 
influence;  its  fracture  is  massiie  and  granular;  color  a  dark  steel  gray.  The 
magnetic  iron  ore  ia  strongly  attracted  by  the  magnet  and  has  polarity,  is 
granularly  massive,  color  iron  black. 

"The  timber  he^e  is  very  abundant  and  good,  of  the  same  class  as  prevails 
elsevfhere  in  this  region." 

In  the  appendix  to  the  same  report  Mr.  Eames  gives  several 
assays  of  iron  ore  from  the  Vermilion  range,  showing  a  percent- 
age of  iron  varying  from  sixty-five  to  eighty. 

In  the  report  for  1866  Mr.  Eames  makes  farther  mention  of 
these  iron  ores,  saying  that  they  are  quit-e  extensive,  and  exist 
in  large  masses  both  at  Vermilion  lake  and  further  toward  the 
northeast,  as  well  as  toward  the  southeast.  .Those  toward  the 
northeast,  he  states,  are  of  hematite,  but  those  toward  the  soath- 
east  are  magnetic. 

Furthermore,  in  giving  the  geology  of  Pokegama  falls,  on  the 
upper  Mississippi,  be  mentions  the  existence  of  iron  ore  as  one 
of  the  rocks  in  place  on  the  rapids  of  Prairie  river.  In  the  ac- 
companying appendix  he  gives  three  analyses  of  iron  ores  taken 
from  the  rocks  at  Prairie  river,  the  iron  ranging  from  51  to  70 
per  cent. 

Soon  after  this  a  systematic  attempt  was  madu  by  Mr.  George 
R.  Stuutz  to  develop  the  Vermilion  iron  ore.  In  company  with 
Mr.  John  Mallmann  and  a  few  laborers  he  erefited  a  cabin  on  the 
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lakeHhore  at  the  east  end  of  what  is  now  knowa  as  Stantz  bay,* 
aad  Hpent  several  months  making  excavatiODS  with  drills  and 
powder.  He  produced  a  fine  showing  of  good  hematite  ore,  and 
with  great  difficalty  and  fatigne  he  carried  a  qaantity  of  it  to 
Dnlath.  It  was  doubtless  from  this  exploration  that  resulted 
Che  fine  musciiiD  samples  which  were  distribntcd  by  the  Smith- 
sonian Institution,  mentioned  by  Prof.  A.  H.  Chester  in  bis  re- 
port,t  exhibited  at  the  Paris  exposition  in  1867.  Mr.  J.  Kloos 
also  refers  to  beautifnl  specimens  of  the  same  seen  by  him  at 
St.  Paul,  prior  to  1871. 

The  present  sorvey  of  the  state  was  begun  in  1872,  and  in  the 
various  annual  reports  of  progress  are  references  made  to  the 
iron  ores  of  the  northern  part  of  the  state,  the  first  being  in  the 
seventh  report  (for  1878)  in  summarizing  the  observations  of 
the  season  on  the  geology  of  the  r^on.  Two  analyses  are  given 
of  ore  from  the  Mesabi  range  and  the  ores  are  compared  to  those 
of  Scandinavia  and  Russia,  as  well  as  to  those  of  northci-n  Mich- 
igan. 

"For  making  steel  these  ores  excel,  and  iron  from  the  Scandi- 
navian furnaces  is  imported  into  England  for  the  manufaotare  of 
steel.  It  is  highly  probable  that  these  iron  deposits  will  not  lie 
long  undeveloped.  They  are  in  the  midst  of  hardwood  timber 
sufficient  for  producing  the  necessary  charcoal  and  the  surround- 
ing country  is  generally  fit  for  prosperous  farming."  J 

In  the  eighth  report  are  given  analyses  of  two  samples  of  ore 
from  the  Mesabi  range  (survey  numbers  438  and  441),  these  be- 
ing hematites.  The  metnllic  iron  was  found  to  vary  from  fifty- 
three  to  sixty  per  cent.  On  page  103  is  a  description  of  the  iron 
ridges  on  which  subsequently  were  opened  the  works  of  the  Min- 
nesota Iron  company. 

In  the  ninth  report  (p.  108)  is  an  account  of  a  visit  to  the  orig- 
inal iron  locations  in  towns  59  and  60  S'.,  B.  14  W.,  where  in 
1875  some  shallow  pits  were  dug  under  the  direction  of  Prof  A. 
II.  Chester  in  pursuit  of  the  principal  iron  mass. 

In  the  tenth  report  special  attention  was  again  directed  to  the 
explorations  that  had  been  made  by  non-resident  capitalists  in  the 
iron  region  of  the  northern  part  of  the  state,  and  suggesting  that 
Minnesota  capitalists  ought  to  look  after  this  matter,  and  by  con- 
certed action  retain  within  the  state  as  much  as  possible  of  the 

•Ths  rnniiln»  of  Ihis  cabin,  lurgcly  buill  of  alonf,  were  pliinly  visible  In  1886,  when  the  snr- 

tEleieoih  annusl  r*i>ort,    p.  IH. 
t  S«vonlh  report,  p.  IS. 
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profits  cousequent  on  the  approfu?bing  development  of  these 
ores.  "Eastern  iron  deposits  aod  eastern  farnaces  should  not 
be  allowed  to  find  it  profitable  to  send  their  products  past  our 
doors  when  we  have  every  requisite  and  every  facility  for  pro- 
dncing  the  same.  It  would  be  a  thing  highly  creditable  to  the 
regents  of  the  university  to  be  directly  instrumental  in  develop- 
ing this  great  industry,  and  I  hope  that  general  attention  will  be 
called  to  its  feasibility."* 

In  the  eleventh  annual  report  is  published  a  report  from  Profi 
A.  H.  Chester,  giving  important  information  concerning  the 
geology  and  the  minemlogy  of  the  iron  ore  deposits  of  the  Mesabi 
range  and  of  the  Vermilion  range.  This  is  based  on  the  ex- 
plorations he  made,  in  1875  and  in  1880,  under  the  management  of 
Mr.  Geo.  C.  Stone,  now  of  the  Minnesota  Iron  company.  This 
report  also  contains  a  short  statement  of  views  concerning  the 
age  of  the  iron-bearing  rocks  of  Minnesota. 

In  the  thirteenth  report  is  a  somewhat  extended  account  of 
the  Vermilion  iron  ores,  and  particularly  of  the  developments 
of  the  Minnesota  Iron  company  at  its  various  mines,  giving  the 
results  of  many  assays  and  comparisons  with  the  Michigan  iron 
ores;  also  a  discussion  of  the  stratigraphy  of  the  crystalline 
rocks  of  the  northwest  in  which  these  ores  are  embraced. 

The  geotogy  of  the  hematite  ore*  in  Minnesota.  Near  the  south 
shore  of  Vermilion  lake  are  the  mines  or  openings  of  the  Minne- 
sota Iron  company.  Since  they  are  closely  contiguous,  and  under 
one  management,  sometimes  they  are  classed  as  one  mine,  in- 
stead of  several  mines,  the  workings  of  one  pit  directly  articu- 
lating with  the  shafting  or  tunneling  of  the  adjoining  pit.  These 
are  mostly  open  mines,  though  some  underground  work  has 
been  done  at  several,  and  particularly  at  the  Breitung  pit,  and 
still  more  will  be  necessary  as  the  working  proceeds. 

The  country  is  occupied  by  a  variety  of  sedimentary  and 
igneous  rocks,  and  by  the  metamorphie  schists  that  result  from 
changed  conditions  of  the  same.  In  the  immediate  vicinity  of 
the  mines  the  country  rises  in  the  form  of  two  nearly  parallel 
ridges  separated  from  each  other  about  a  mile.  These  ridges, 
rising  about  two  hundred  and  fifty  feet  above  Vermilion  lake, 
and  about  a  hundred  and  twenty-five  feet  above  the  surrounding 
country,  are  caused  by  and  composed  of  the  iron-bearing  strata 
of  the  range,  and  consist  of  siliceous,  re<)dish  jasper,  banded 
with  hematite,  and  of  siliceous  schists  and  of  greenish  magne- 
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sian  schiBts.  The  ore  iB  associated  with  the  jasperoid  rock,  and 
is  closely  banded  in  it,  the  two  being  so  intimately  mixed  that 
the  whole  belt  of  jasper  rock  is  considered  the  ore-rock  and  is 
mined  as  ore.  The  jasper  is  seen  to  change  by  insensible  stages, 
on  the  one  side  to  pure  hematite,  by  the  addition  of  more  and 
more  of  the  ferruginous  element,  and  on  the  other  by  the  with- 
drawal of  the  same  and  theincrease  of  silica,  it  becomes  a  white 
"chalcedouio"  quarts.,  which  ou  disintegration  beconiee  a  white 
grannlar  sandrock,  so  easily  crumbled  that  it  can  be  crushed  in 
the  hand.  The  grains,  however,  in  thin  section  do  .not  appear  ' 
to  be  rounded  by  attrition  as  in  ordinary  aandrock.  There  are 
all  conditions  of  change  in  this  interesting  transition,  varying 
both  in  the  color  and  in  the  hardness  of  the  rock.  The  colors 
vary  from  scarlet  to  black,  and  to  white.  As  there  1^  been  a 
tortnous  overlapping  and  twisting  of  the  formation,  these  colors 
run  in  ribbon-like  bands,  closely  aggregated,  but  parallel,  in  very 
beautiful  stripings;  and  as  this  rock  forms  the  backbone  and  the 
crest  of  these  ridges  these  parti-colored  patches  of  bare  rock  are 
common  on  the  tops  of  the  ridges  and  gave  indication  of  the 
valuable  nature  of  the  contents  of  the  hills.  Four  or  five  miles 
toward  the  southeast  from  these  hills  is  another  hill,  still  higher, 
kuown  as  Chester's  peak,  composed  of  similar  rocks.  There  are 
also  smaller  areas  of  the  same  kind  of  rock  in  some  subordinate 
hills,  and  short  parallel  ridges  that  lie  between  the  mines  and 
Vermilion  lake,  while  toward  the  northeast  soch  rock  is  known 
to  occnr  at  intervals  for  a  distance  of  nearly  foity  miles. 

The  bedding  stands  nearly  vertical,  the  dip  sometimes  varying 
a  little  toward  south,  or  more  rarely  toward  the  north;  but.,  in  a 
few  places,  extending  sometimes  for  half  a  mile  or  even  more, 
there  is  so  much  irregularity  in  the  bedded  structure  that  no  dip 
nor  strike  can  be  predicated  for  the  general  formation,  but  there 
is  a  congeries  of  more  or  less  angular  masses  of  rock  showing  a 
varying  and  discordant  strike,  pressed  together  so  as  to  make  a 
compact  mass,  with  the  edges  nearly  vertical  still. 

The  most  common  rock  seen  in  close  association  with  the  jas- 
per-hematite ridges  is  a  soft  schist  which  normally  is  of  a  light 
green  color,  but  which  in  close  proximity  to  the  jasper- hematite 
ridges  becomes  stained  with  iron,  taking  on  a  darker  and  darker 
color  of  red,  until,  in  contact  with  the  hematite,  it  is  charged 
with  iron  to  so  high  a  degree  that  its  original  characters,  both 
structural  and  chemical,  are  almost  obliterated.  Where  it 
faaa  its  normal  structure  it  is  finely  schistose,  the  schists  running 


,vGoogIc 


STATE  GEOLOGIST.  221 

In  a  nearly  uniform  direction,  northeastwardly,  in  coincidence 
with  the  general  strike  of  the  sedimentary  structure,  but  when 
it  is  reddened  by  the  ferruginous  rocks,  it  is  not  schistose,  or  is 
less  so.  but  somewhat  massive.  It  can  uot  be  said  to  be  a  soil 
hematite,  bat  its  color  and  grain  give  it  the  semblance  of  a  val- 
sable  iron  ore.  Where  thejasperoid  rocks  are  not  hematitic, 
.  however,  such  contact  does  not  produce  this  change  in  these 
schists.  They  lie  in  immediate  contact  with  the  jasper  rock, 
their  schistose  laminatious  winding  about  the  rounded  surfaces 
and  accommodating  themselves  in  their  siunous  courses  some- 
what to  the  direction  of  those  surfaceSj  though  having  a  constant 
tendency  to  resume  their  prevailing  direction.  This  greenish 
schistose  rock  is  probably  of  igneous  origiu,  and  its  relations  to 
thejasperoid  rocks,  filling  all  their  cavities,  overlying  them  uo- 
conformably,  destitnte  of  sedimentary  lamination,  holding  frag- 
ments of  transport«d  jasperoid  i-ock  of  all  sizes  from  that  of  a 
pin-head  bo  masses  several  rods  across,  not  only  indicate  its  later 
origin  but  the  direction  in  which  it  moved  in  its  creeping  mo- 
tion. These  transported  pieces  seem  to  have  been  obtalued  from 
thejasperoid  ridges  and  carried,  locally,  toward  the  north. 

This  greenish  schist,  passing  into  a  chlorite  schist,  and  extend- 
ing many  miles  over  the  country  toward  the  east  and  northeast, 
shows  stages  of  transition  toward  the  prevailing  sericitic  schists 
and  the  graywackes  of  the  region,  most  of  which  exhibit  un- 
mistakable evidences  of  aqueous  arrangement  in  the  act  of  dep- 
osition. This  interesting  fact,  which  introduces  an  element  of 
uncertainty  as  to  the  extent  to  which  the  aqneous  characters 
can  be  traced,  should  not  be  confounded  with  another  interest- 
ing foot,  or  series  of  facts,  viz. :  that  the  jasper  rock  itself  pa^es 
into  a  laminated  greenish  siliceous  sericitic  schist  showing  in  its 
various  conditions  equally  evident  proois  of  sedimentary  ar- 
rangement. These  schists  differ,  however,  in  composition  and 
in  structure.  The  former  is  schistose  by  reason  of  a  superin- 
duced structure  —  the  same  structure,  running  in  about  the 
same  direction  always,  and  pervading  all  the  rocks  of  the 
country  except  those  that  are  too  siliceous  or  too  granular,  which 
causes  the  easy  demolition  of  the  rocks  and  their  fissile-slaty 
cleavage.  Sometimes  this  scbistosity  is  nothing  more  than  a 
short-fibrous  structure,  most  evident  on  weathered  surfaces, 
producing  an  "elongation  in  all  the  grain  of  the  rock  in  a  uni- 
form direction.  This  fibrous  and  schistose  structure  crosses  the 
sedimentary  lamination,  at  all  angles,  when  the  two  structures 
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do  not  coiocide  in  direction.  The  latter  has,  beflidee  this  super- 
indaced  schistosity,  ao  evident  thin  lamination,  dne  to  a  sedi- 
mentary arrangement  in  the  act  of  formation,  the  lamina  consist- 
ing of  different  materials,  or  varying  proportions  of  the  same 
materials,  and  manifested  on  the  weathered  sarface  by  stripingB 
of  different  eolor-banda.  It  is  a  fact  that  confuses  the  observer, 
sometimes,  that  the  verticality  of  the  beds  carrying  the  iron 
ores  and  the  direction  of  strike  of  this  structure,  are  coincident 
in  direction  with  the  fibro-schistose  structure  of  the  former 
schists.  The  lamination  of  the  thin  schists  which  area  part  of  the 
iron-ore  formation,  and  evidently  of  the  same  age,  may  be  seen 
at  several  of  the  cuts  by  the  railroad  that  runs  near  the  mines 
along  the  south  side  of  the  "north  ridge,"  at  Tower.  The  tbin 
silvery  foliated  mineral  in  the  sedimentary  schists,  which  are 
inter  laminated  with  siliceous  sheets,  is  prevailingly  some  hydro- 
mica,  but  the  foliated  minei-al  that  gives  character  to  the  schists 
which  appear  to  act  like  a  changed  eruptive  rock  is  apparently 
some  chlorite.  The  former  may  be  correctly  styled  sericitic 
schists  and  the  latter  chlorite  schists.  Still  this  distinction^ 
although  a  fundamental  one,  can  not  be  made  in  all  cases,  inas- 
much as  the  sericitic  schists  acquire  chlorite  from  a  change  in 
some  of  the  grains  of  which  as  a  sedimentary  iDck  they  are  com- 
posed. 

The  jasperoid  rock,  which  constitutes  the  iron  ore,  has  been 
designated  jaspilyte  by  Dr.  M,  E.  Wadsworth.  It  is  still  a  de- 
sideratum in  the  geology  of  the  iron  of  the  Vermilion  range  to 
ascertain  the  stratigraphic  relations  of  this  ore  in  the  series  of 
strata  that  constitute  the  system.  At  the  mines  at  Tower  it  is 
closely  embraced  in  the  windings  of  the  green  schist  or  is  inter- 
bedded  with  a  reddened  sericitic  schist,  and  its  actual  contact  is 
not  known  with  any  other  rock.  In  the  west  end  of  the  "south 
ridge"  the  jaspilyte  graduates  through  gray,  fine  qnartzyte,  tea 
rigid  black  silir^ous  slate  which  stands  on  edge  like  argillyte. 
South  of  the  mines,  along  the  railroad,  some  interesting  cutssbow 
thejaspilyte  closely  interlaminated  with  greenish  sericitic  schist. 
At  this  last  place  thejaspilyte  is  itself  much  less  ferruginated,  and 
would  bear  the  uame  of  bedded  fine-grained  qoartzyte.  In 
the  thicker  beds,  particularly  when  they  swell  out  somewhat 
lenticolarly,  the  red  and  purple  tints  appear  if  the  beds  are 
broken.  At  points  further  east,  aa  at  Garden  lake,  the  ore  is 
associated  with  a  siliceous  rock,  or  quartzyte,  and  seems  to  be 
covered  unconformably  by  a  greenish  rock,  or  schist,  which  is 
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parallelized  propisiosally  with  the  greenish  schist  seen  at  the 
mines  at  Tower.  It  rises  in  ridges  in  a  manner  similar  to  the 
ridges  at' Tower,  The  stratigraphic  eqnivalence,  however,  of 
the  ore  deposits  at  Tower  with  the  ore  deposits  south  of  Long 
and  Fall  lakes  can  not  be  Asserted.  Indeed  there  is  more  reason 
to  infer  that  they  are  not  strictly  equivalent,  though  they  are 
associated  in  a  group  of  similar  strata  aad  hare  a  genetic  rela- 
tioDsbip. 

Oriffin  of  the  jatperoid  hematite  of  the  Vermilion  range.  The  na- 
ture and  origin  of  the  rock  which  constitutes  the  ore  has  been  a 
protiflc  subject  of  investigation  and  discussion.  It  has  beeu  sup- 
posed to  have  originated  as  a  sediment,  in  its  present  condition. 
It  has  been  pronounced  eruptive,  and  it  has  been  considered  the 
result  of  chemical  deposition,  or  transformation  of  sedimentary 
beds  by  chemical  substitution  of  iron  for  some  soluble  compo- 
nent, or  for  oue  that  was  removable  by  the  known  processes  of. 
metamorphic  change. 

Ig  the  jagpSyte  of  eruptive  origin  f  To  the  writer  there  seem  .to 
be  some  structural  features  that  indicate  strongly  that  thisquestion 
should  be  answered  in  the  affirmative.  The  ore  has  a  banding 
such  as  igueous  rocks  have  been  said  to  show.  It  is  cross-joint- 
ed, in  its  narrower  spurs,  and  cut  into  blocks  by  some  cause 
which  has  given  it  a  structure  that  resembles  the  basaltiform 
joiutage  of  dikes.  It  exhibits  occasionally  ofisboots  or  "feed- 
ers,'' so-called  by  the  miners,  which  strike  away  at  large  angles 
from  the  parent  mass,  these  showing  some  disturbauce  and  un- 
conformable relationship  to  the  inclosing  green  schistr.*^  But 
these  appearances  are,  in  the  opinion  of  the  writer,  onlypsendo- 
igneoQB,  and  must  be  explained  in  consonance  with  some  theory 
that  will  also  explain  very  evident  signs  of  sedimentary  structure 
and  origin.  The  evidences  of  sedimentary  origin  for  the  rock, 
originally,  which  now  is  mined  as  ore,  are  briefly  summarized 
.below.  These  evidences  seem  to  be  incompatible  with  the  theory 
of  the  eruptive  origin  of  the  ore. 

Ist.  The  inter-banding  of  the  jaspilyte  (hematite,  jasper  of  va- 
rious colors,  white  silica)  is  exactly  that  which  is  seen  in  sedi- 
mentary rocks.  The  different  bands  fade  into  each  other  across 
the  structure  by  faint  transitional  stages.  They  maintain  over 
long  distances  a  parallel  striping  such  as  sedimentary  thin  lam- 
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inte'do  iu  all  fiae-graiued  rocks  and  claj's,  but  when  followed  tar 
eDOUgb  they  are  seen  t«  tiiper  to  points  and  disappear  as  their 
neighbors  increase.  In  its  hardened  and  somewhat  carbona- 
ceous state  this  ruck  appears  rigidly  slaty,  though  still  mainly 
siliceoQa,  and  stands  on  edge  much  like  an  argillyte.  This  siat- 
iness  is  visible  in  some  places  where  the  tortuosity  incident  to 
folding  and  ernsbiug  has  not  been  developed.  Tt  is  straight  and 
distinct,  and  is  in  consequence  of  the  weathering  out  of  some  of 
the  softer  thin  laminte.  It  is  found  north  of  Tower,  near  the 
town,  forming  some  of  the  conspicaons  knobs  facing  toward 
the  south.  These  slates  are  not  black,  but  they  are  dark-colored, 
and  remind  the  observer  of  some  of  the  black  slates  of  the 
Animikie  rocks  further  east,  and  were  it  not  for  their  perpen- 
dicular position,  and  their  other  relations  to  the  surrounding 
rock-masses  they  could  be  considered  their  equivalent.  This 
slaty  structure  is  due  to  a  weathered  condition  of  differently 
constituted  bedded  materials,  and  differs  fiom  the  slaty  structure 
that  may  be  developed  in  igneous  rocks  due  to  their  fluidal 
structure,  in  that  it  is  straight  and  rigid  instead  of  undulatory 
or  wavy.     Rock  No.  893. 

2d.  The  jaspilyte,  though  frequently,  and  perhaps  most  fre- 
quently, presenting  a  sudden  and  definite  transition  to  the  schists, 
showing  a  possible  igneous  origin  of  one  or  the  other,  does  not 
always  do  so.  It  is  found  passing  by  a  series  of  short  alterations 
into  a  schist,  which,  though  greenish  and  easily  confounded  with 
the  unconformable  green  schist,  is  a  constituent  part  of  the  jas- 
pilyte, or  at  least  of  the  formation  in  which  the  jaspilyte  exists. 
This  structure  and  transition  is  represented  by  rock  No.  894.  It 
is  here  accompanied  by  much  pyrite.  This  is  obtained  near  the 
Ely  mine,  where  the  railroad  cutsthe  formation.  In  thisschist, 
thus  alternating  with  jaspilyte,  there  is  no  siga  of  "baking," 
so-called,  that  is  assigned  to  the  red-colored  schist  at  the  mines, 
and  the  inference  is  natural  and  inevitable  that  the  jaspilyte, 
here  seen  to  be  the  contact  rock  on  the  schist,  did  not  produce 
the  effet^  of  igneous  dikes,  and  that  this  is  the  original  condition 
of  the  mutual  co-relations  of  these  rocks. 

This  interbedding  of  schist  and  quartzyte,  the  latter  being 
somewhat  purple,  extends  along  the  railroad  as  far  west  at  least 
as  to  the  Stone  mine  where  it  is  again  well  exposed  (see  rock 
samples  919).  Here  the  Jaspilyte  passes  by  gradations  into  the 
green  schist.  In  the  immediate  vicinity  are  jasper  nodules  in- 
digenous in  the  midst  of  the  schist,  red  andpurple,8omeof  them 
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five  or  ten  feet  long,  appeai-inglikequartxosea^regationsin  the 
midst  of  their  native  Bedimente.  Toward  the  south,  at  some  lit- 
tle distance  from  the  point  at  which  this  interbedding  is  visible, 
the  siliceoos  grains  are  white,  instead  of  pnrple,  disposed  in  thia 
sheets. 

At  the  West  Bly  mine  the  open  pit  shows,  on  the  east  wall,  a 
snceesion  of  jaapiTyte  and  schist  in  beds  somewhat  like  the  sketch 
below,  Fig.  1. 


Fig.  1. — Showing  the  eoH  face  of  the  open  pit  at  the  West  Ely  mine, 

and  the  aitemdtiona  of  schist  andjaxpUyte.     Width  about  50  feet. 

At  theEa-stEly  mine,  next  adjoining  on  the  east,  the  same  bed- 
ded alternation  of  schist  and  jaspilyte  is  apparent,  bnt  owing  to 
the  greater  development  it  is  brought  oat  more  distinctly.  The 
following  sketch  (Fig.  2)  represents  the  east  face  of  this  mine, 
the  observer  looking  on  the  edges  of  the  beds.  Each  one  of  these 
^eds  of  jaspilyte  has  a  fine  internal  lamination  which  is  much 
contorted.  The  schists,  which  are  pervaded  by  a  schistose 
'  structure  when  not  reddened  by  iron,  and  which  when  reddened 
are  lees  schistose,  and  "baked,"  thongh  soft,  do  not  manifest,  so 
distinctly,  a  finer  internal  lamination.  The  fonr-inch  bed  of 
schist  at  the  left  of  the  sketch  runs  the  whole  length  of  the  mine, 
and  even  appears  on  the  stripped  surface  east  of  the  opened  pit, 
rnnning  600  or  600  feet  altogether. 

At  the  Stnntz  mine  the  same  regular  (or  irregular)  alterna- 
tion of  beds  of  ore  with  red  shale  can  be  seen,  there  being  visi- 
ble three  schist  beds,  from  six  to  ten  feet  thick,  dipping  N.  or  "S, 
N.  W.  about  SO". 

That  this  regnlar  alternation  should  extend  thus  for  three- 
fourths  of  a  mile,  requires  some  cause  that  could  open  the  crust 
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of  the  earth  in  perpendicular  sheets,  if  the  Jaspilytehe  ernptive, 
and  inject  equally  thin  alternatiDg  sheets  of  igneous  matter.  It 
is  much  more  like  the  alternation  of  sedimentation,  followed  by 
upheaval  and  pressure. 


Fig.  2. — Showing  the  aUematians  of   gekitt  emd  jaspUyte  at  the 
F/at  Ely  mini.     Width  about  70  feet. 

On  the  southern  slope  from  the  "BODth  ridge"  to  Tower  are 
some  very  interesting  exhibitions  of  the  relations  of  the  jas- 
pilyte  to  the  schists,  some  of  them  showing  the  minute  interstrat- 
iflcationofthejaspilytewith  the  sericitic  sedimentary  s<diist8,  and 
others  exhibiting  the  manner  in  which  isolated,  transported 
masses  of  the  jaspilyte  are  surrounded  unconformably  by  achlo- 
rite  schist.  Of  the  former  the  following  pen-sketch  was  made, 
illustrating  a  more  minute  association  of  the  schist  and  the 
quartzyte  than  in  figures  1  and  2.  The  area  here  represented 
can  be  seen  to  extend,  with  the  strike,  a  distance  of  twelve  feet, 
when  it  fades  out  gradually  by  the  loss  of  the  siliceous  element, 
and  becomes  entirely  schist.     Before  this  takes  place  the   sili- 
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ceons  bands  are  intermpted  and  some  nodules  and  accretions  ap- 
pear in  place  of  the  ooatinaoos  sheets  of  silica.  This  quartzytpu 
on  the  weathered  surface  is  light  gray,  but  on  the  freshly  broken 
edges  shovs  the  jaspilitic  colors.  The  schist  is  fine  and  evenly 
laminated,  in  its  alternations  with  the  qnartzyte,  and  with  itself, 
not  being  disturbed  by  ooarse  sediments,  or  by  faults  or  contor- 
tions. This  is  one  of  the  most  perfect  illustrations  that  has  been 
seen  of  the  manner  oftrausitioD  Ax)mthe  jaspilyte  to  theschistB. 
Indeed  this  is  not  a  transition,  since  nothing  but  green  schists 
exist  on  either  side  of  it  for  a  distance  of  eight  or  ten  feet,  as  &r 
as  the  rock  is  exposed.  The  diagramshows  rather  that  the  jas- 
pilyte  IB  in  thin  interstratified  sheets  within  the  sericitic  schists. 
The  sketch  doesnot  show,  and  can  not  be  made  to,  allthefinein- 
terlaminations  and  gradations  between  the  two,  since  the  schiste 
themselves  become  arenaceous  and  gradually  lose  their  green 
tint,  becoming  gray,  then  white,  then  purple,  when  broken,  and 
requiring  the  designation  ofjaspilyte.  The  thickest  distinct  lam- 
ina seen  here  is  about  one  inch,  and  the  thinnest  is  a  mere  film 
and  becomes  lost  in  the  schist. 
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This  ie  a  tme  interstratiflcation,  due  to  sediment^ioo,  siaoe 
not  only  does  this  bamllng  show  it,  bat  th«  schists  also  sboir  a 
sedimentary  banding.  The  strilce  is  ten  d^rees  sontli  of  vest, 
and  the  bedding  \»  vertical,  or  dips  at  an  angle  of  eighty-nine 
decrees  toward  the  north.  'So  drawing  can  do  jnstice  to  the 
minnte  mingling  of  silica  bands  with  schist  bands. 

The  continnons  lines  indicate  silica  sheets  and  the  broken  lines 
indicate  the  schist.  The  black  irregnlar  patches  are  intended 
to  show  chemically  deposited  white  silica.  The  distance  across 
the  bedding  is  three  and  one-half  feet,  and  is  exaggerated  in 
respect  to  the  length  aotoally  iuclnded  in  the  sketch. 

Very  near  this  place,  abont  twenty  feet  north,  is  a  bold  ex- 
posure of  green  schists  that  are  supposed  to  be  nnconformable 
on  the  iron-bearing  rocks.  These  sohists  embrace  irn^nlar 
masses  and  arms  of  jaspilyte,  the  strike  of  the  prevailing  straot- 
nre  being  W.W  8.,  a  variation  of  thirty  d^reee  from  the  direc- 
tion of  the  strike  in  the  schist  illustrated  by  the  foregoing  figure. 
The  jaspilyte  here  surrounded  by  the  chlorite  schist  is  repre- 
sented by  rock  No.  909, 

At  a  poiut  about  fifteen  rods  east  of  the  place  illustrated  by 
figure  3,  the  siliceous  bands  do  not  have  the  long  extension  in 
the  direction  of  the  schistose  structure  which  is  seen  in  the  fig- 
ure, but  the  silica  is  in  fine  lumps  drawn  out  in  the  direction  of 
the  scbistosity,  some  of  the  lumps  being  not  more  than  a  six- 
teenth of  an  inch  in  thicknees,  or  a  mere  film,  and  some 
of  them  being  an  inch  or  two.  There  is  a  fine  thread-like  inter- 
laced mesh  of  roughness  caused  by  the  more  enduring  silica  in- 
gredient standing  np  on  the  surface  of  the  weathered  schists.  In 
the  interstices  of  the  mesh  is  the  schist,  some  of  the  areas  of  the 
softer  rock  being  inclosed,  or  nearly  inclosed,  by  the  harder, 
but  for  the  most  part  prevailing  over  the  harder  inoue  direction, 
and  giving  place  to  more  and  more  of  the  siliceous  ingredient  in 
the  other.  There  is  visible  here  no  true  sedimentary  banding, 
like  that  of  fignre  3,  bat  a  dissemination  of  jasperoid  siliea 
through  the  schist  in  an  irregular  manner.*  There  is  no  grada- 
tion of  the  schist  into  the  silica,  by  varying  amounts  of  fine  silica 
mingled  in  a  soft  greenish  or  grayish  mud;  but  the  silica,  even 
in  the  smallest  lumps,  is  pure  silica,  and  the  schist  does  not  per- 
ceptibly vary  in  its  characters.  In  one  direction,  as  the  silica  in- 
creases, it  forms  larger  and  larger  lamps,  so  that  some  of  them 
have  the  characters  of  jaspilyte,  but  without  the  parti-oolored 
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banding.  Instead  of  a  banding  the  colors  are  in  blotches.  ^H 
fnrther  in  the  same  direction,  as  the  jaspilyte  masses  increase  in 
size,  so  as  to  constitute  the  moat  of  the  rock,  they  are  eomewhab 
banded  by  alternating  colors  and  sometimes  the  bandingis trans- 
verse to  the  schistose  stntcture.  It  wnnld  seem  from  these  l^ctq 
that  this  Inmpy  silica  is  due  to  the  dissemination  in  small  peb- 
bles and  larger  masses,  through  the  molten  rock  from  which  the 
inclosing  chlorite  schist  is  supposed  to  be  derived,  of  the  jaspilyte 
of  the  iron-bearing  rocks;  aod  that  chemical  and  molecular 
changes  incident  to  the  conversion  of  the  massive  doleritic  rock 
to  the  green  schist,  have  given  the  smaller  pebbles  a  semi-strati- 
fied or  schistose  arrangement  in  the  schist,  each  mass  being 
elongated  in  the  direction  of  the  prevailing  stmctare;  and  while 
the  same  elongation  is  stamped  on  the  larger  masses,  they  have 
not  been  so  affected  but  that  their  shapes  are  better  preserved, 
and  their  internal  structure  is  still  evident. 

3d.  The  schists  are  not  by  any  means  usually  baJced  alongside 
of  these  jaspilyte  belts.  This  is  shown  by  No.  894,  and  also  by 
many  other  illustrations  from  other  pointsthat  could  be  addaced. 
ITo.  695  shows  a  gradual  transition  between  the  schists  and  the 
jaspilyte,  without  pyrite,  near. the  same  place  as  No.  894,  not 
from  between  two  Jasper  belts,  bat  more  distant,  rather  from  the 
general  mass  of  the  schist.  The  contact  is  most  commonly  a 
'  simple  one,  with  an  abrupt  transition,  or  there  is  a  gradual  in- 
terchange without  any  appearance  of  the  so-called  baking.  This 
gradual  transition  is  most  apparent,  and  most  frequent,  in  other 
places  than  along  the  great  jasper  belts. 

The  green  schists  themselves,  at  the  same  railroad  out,  seem  to 
become  homogeneously  arenaceous  with  the  same  (ronndedt) 
granular  quartz  as  seen  in  the  jaspilyte — which,  if  true,  seems 
to  require  some  other  explanation  besides  the  theory  of  incipient 
disint^ration  to  explain  the  granular  condition  of  the  quartz  in 
the  jaspilyte.  The  theory  that  the  (rounded  T)  grains  were  thrown 
down  as  asediment'wonld  then  be  extended  rightly  over  both 
Muds  of  rock. 

4th.  In  the  non-conformable  schists  there  are  what  app^r  to 
be  not  only  pebbles,  but  lenticular  masses  of  jaspilyte,  or  at  least 
of  jaspery  and  chalcedonlc  qaartzyte.  These  are  granular,  like 
all  the  rest,  and  easily  distinguishable  from  the  seooudary  or 
chemically  deposited  silica.  Some  are  as  fine  as  a  pin-head,  aod 
do  not  show  much,  if  any,  disturbing  effect  on  the  fine  lamins 
of  the  schistose  structure,  and  others  are  somewhat  larger,  and 
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larger,  and  larger,  and  prodace  some  warping  of  the  lamioffi,  the 
varping  extending  ftirther  and  fnrtlier  from  their  snr&ceB  as 
their  size  inereaaee.  These  mioote  pieces  of  jaspilyte  are  of  the 
eame  character  as  the  larger  masses,  and  moat  have  had  the 
same  origin.  Bat  they  are  so  numeroos  that  thonsands  may  be 
embraced  in  the  area  of  a  square  foot.  They  are  sometimes 
distribated  amongst  the  schist  rather  aniformly,  and  Bometimes 
tiiey  are  crowded  abont  some  of  the  lai^r  masses.  There  is 
also,  occasionally  a  coarse  breccia,  with  small  and  large,  rounded 
and  angnlar  pieces  of  the  jaspilyte,  all  embraced  in  a  spuve 
matrix  of  green  schist,  resembling  somewhat  a  conglomerate. 
The  inference  is  natural,  and  inevitable,  that  these  jaspilyte  pieces 
oould  not  have  been  introdaced  as  eraptive  matter  in  the  green 
schists, bat  most  have  been  coincident  in  time  with  the  advent  of 
the  schist.  Their  original,  first  formation,  and  their  scarce, 
would  still  be  a  matter  of  farther  investigation.  These  fine  Jas- 
pilyte pebbles  are  seen  in  rock  Nos.  897  and  889. 

6th.  The  hematite  can  foe  seen  in  some  places,  where  fo- 
Torable  circamstances  have  conspired  to  preserve  the  struc- 
tural relations,  to  acqnire  the  finely  bedded  or  laminated,  or 
banded  structure  seen  in  the  coarser  bands  of  the  jaspilyte. 
This  is  particularly  visible  where  the  hematite  is  specular — 
indeed  the  specular  structure  is  due  to  the  cleavage  off  of  large 
surfaces  of  the  ore  along  these  lamination  planes.  In  other  places 
this  floe  striping  is  seen  to  fade  out  both  longitudinally  aad 
transversely  into  a  mnssive,  hard  hematite.-  This  does  not  show, 
perhaps,  that  this  banding  is  not  a  flnidal  structure  due  to  the 
eruptive  nature  of  the  rock,  bat  it  shows  exactly  the  structure 
that  would  be  expected  in  the  rock  if  it  were  all  of  sedimentary 
origin — at  least  the  jaspilyte — and  it  seems  to  indicate  that  the 
iron-ingredient  is  not  of  the  same  origin  nor  date  as  the  siliceous 
jaspilyte!  but  of  l»ter  date,  since  it  partially  or  wholly  obliterates 
the  characteristic  fine  lamination  of  the  jaspilyte.  When  it  does 
not  totally  obliterate  it,  it  accommodates  itself  to  that  structure. 
This  is  represented  by  rock  905. 

6th.  There  are  places,  not  common,  where  the  iron  ore  seems 
to  foe  a  foreceia  of  jaspilyte  and  "baked  clay,"  or,  more  likely,  a 
highly  ferruginated  and  hardened  clay.  There  are  all  stages 
of  ferruginization^  some  of  these  breccias  not  constituting  ores, 
and  others  affording  a  lean  ore.  Generally  they  are  better  ores 
when  associated  with  the  large  jaspilyte  belts,  and  poor  when  in 
small  p^«hes.     These  breccias  are  supposed  to  form  a  constitu- 
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ent  part  of  tlie  iron-bearing  etrata,  and  ^onld  not  be  confonnded 
with  tboBO  conglomeratee  made  ap  by  the  miDgling  of  transported 
massee  of  jaepilyte  in  the  nnconformable  green  schiets.  This 
fermginization  of  fragments  of  both  jasper  and  clay,  in  a  brec- 
cia, Beema  to  show  that  the  iron,  as  an  ore,  ia  not  neoeBsarlly  a 
port  of  the  jaspilyte,  and  this  idea  is  borne  ont  by  the  fact  that 
the  ore  of  the  Oogebic  range  is  one  that  consists  largely  of  a 
breccia  of  some  soft  rock.  If  then  the  hematite  is  not  essential  to 
the  rock  known  as  jaspilyte,  the  residue  would  be  almost  entire- 
ly silica,  and  it  is  a  novelty  to  suppose  that  pure  silica  ooald  ever 
have  been  injeftted  among  the  rocks  of  the  earth  in  the  form  of 
igneous  dikes. 

7th.  When  this  silica,  which  has  been  styled  chalcedonic,  in- 
terlef^ved  with  the  hematite  and  jasper,  is  weathered,  aD,d  finally 
disint^rates,  it  crumbles  into  a  fine  white  sand,  the  grains 
being  of  uniform  size.  It  is  then  friable  like  the  St.  Peter  sand- 
stone, and  could  be  used  for  scouring  and  polishing.  If  a  large 
piece  of  snch weathered  "ch^cedonic"  silica,  careftilly selected, 
be  thrown  down  on  the  face  of  the  firm  jaspilyte,  it  is  crushed 
with  a  dull  explosive  noise,  the  individaal  grains  of  silica  dying 
from  the  point  of  impact  in  all  directions,  the  phenomena  being 
the  same  as  when  a  slab  of  soft  sandrock  is  thus  thrown  down 
on  a  hard  surface. 

On  the  contrary,  when  a  piece  of  the  chemically  deposited 
silica,  taken  from  some  of  the  veins  with  which  the  country  rock 
is  everywhere  intersected,  is  thus  treated,  howmuchsoeveritmay 
be  weathered,  it  is  either  splintered  into  sharply  angular  bits  of 
various  sizes,  or  is  simply  crushed  into  white  powder  on  some.of 
its  corners.  In  this  the  white  "chalcedonic"  silica  behaves  like 
the  quartzytee  at  Pipestone  and  Sew  Ulm.  They  are  also  some- 
times vitrified  superficially  and  very  hard,  with  the  appearance, 
including  the  color,  of  much  of  the  fine  quartzyte  seAi  in  the 
jaspi  ly  te,  but  when  disintegrated  by  the  atmosphere  they  dissolve 
into  a  homogeneous  white  sand.  This  granulo-friable  disiut^ra- 
tion  is  shown  by  rock  numbers  899  and  900. 

8th.  It  is  apparent  at  many  places  about  the  Vermilion 
mine»  that  the  great  mass  of  the  iron  formation  (the  jaspilyte) 
is  conformable  with  the  schistose  structure  of  the  schUts  that  in- 
close it.  It  is  absolutely  conformable  with  the  schists  that  are, 
at  some  points,  a  little  removed  from  the  mines,  interstratifled 
with  it;  and,  in  ageneralway  it  Is  conformable  with  the  structure 
of  the  unconformable  schUts.     On  the  suppositiou  that  the  jaB- 
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pilyte  be  igoeoua  these  sehists  also  vould  hsve  to  be  considered 
sedimentary,  and  thisschistoBity  would  have  to  be  taken  for  the  sed- 
imentary strnctnre,'''  the  nnconformities,  wherever  they  exist, 
being  dne  to  the  /ractare  of  the  beds  and  the  introdnction  of  the 
floid  jaspilyte.  Now  in  order  that  saoh  a  conformability  shonld 
exist  at  the  time  of  accmKoXatwn  of  the  aedimmta,  on  any  hypothesis, 
the  jaspilyte  most  have  been  introdnced  at  the  time  of  such  ae- 
camalation  and  while  the  sediments  were  yet  soft;  .and'that,  on 
the  igneoos  theory,  woald  not  aoooant.for  the  anglee  and  anus 
and  "  dikee  "  that  Dr.  Wadsworth  has  illnstrated  at  Marqnette, 
ranoing  across  the  sedimentary  stmctare  of  the  schists;  and 
wonld  require  that  there  shonld  be,  besides,  a  marked  difference, 
even  now,  in  the  npper  and  lower  snrfaces  of  each  inflowing  ig- 
neous strata,  each  as  we  do  not  see. 

9th.  If  the  jaspilyte  be  supposed  to  have  made  its  advent 
after  the  sediments  were  hardened  there  is  no  other  way  bnt  to 
resort  to  the  igneoos  theory,  and  then  we  have  many  diffctUties, 
viz.: 

(a)  Why  shonld  it  appear  always  at  the  same,  or  nearly  the 
same,  geological  horizon  T  Xo  other  admitt«d)y  eruptive  rock 
doefi  that. 

(b)  Why  shoald  it  ran  snbetantially  conformable  to  the  strati- 
fication in  all  the  Important  localitiesT  No  other  admittedly 
eruptive  rock  does  that. 

(c)  Why  shoald  the  bulk  of  the  whole  be  a  granular  silica  T 
There  is  no  other  each  igneous  rock  known.  If  it  be  said  that 
the  granular  coaditiou  of  the  silica  be  dne  to  incipient  disinte- 
gration, why  does  the  same  grannfar  condition  prevail  at  the 
depth  of  seventy-five  or  more  feet  below  the  snr&ce,  as  seems  to 
be  the  fact  in  the  Vermilion  minest  — see  rock  No.  892. 

(d)  How  could  the  oxides  of  iron  coexist  with  silica  at  the 
temperature  needed  for  fusion  without  chemical  union  T  No 
other  instance  is  known. 

(«.)  How  could  the  evenly  banded,  long-drawn-out,  almost 
never -blending  layers  seen  in  the  jaspilyte,  consisting  of  nearly 
the  same  elements  in  endless  alternation  (hematite,  ja8per,qnartz- 
yte)  be  imagined  to  have  been  preserved  in  their  tortuous  paral- 
lelism during  such  a  fiow  through  open  fissnrest  No  other  such 
flnidal  structure  is  known.  The  real  igneous  finidal  strncture 
shows  a  general  paralMism  in  the  structural   lines,  in  a  nearly 

*  I>r,  Wiul5ivorth  Menu  to  h«fe  so  cannideird  il  In  hln  pApur  ™  the  M«rqu«tl«  om ;  vitbout, 
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homogeneoas  rock  mass,  but  the  &ne  bands  separate,  cross  ow, 
blend  and  mingle  in  a  general  flow,  at  longer  or  shorter  inter- 
vals. 

(/.)  How  doeH  it  happen  that  the  BO-called  flowage  strnetore 
is  not  parallel  with  the  snrfoces  of  the  rock  walls,  in  cases  where 
the  j»spiljte  entera  arms  or  bands  or  joss  off  in  the  fissured 
Bcbistsf  In  no  case,  in  the  Vermilion  minee,  has  snch  a  paral- 
lelism been  seen  yet;  but,  either  the  structure  is  entirely  lost,  or 
it  is  conftised  by  many  fractures,  or  runs  at  vai-ions  angles,  even 
to  perpendicularity,  to  the  walla  of  such  a  fissure  (as  attheStone 
mine).  In  other  t^mittedly  eruptive  rocks  the  finidal  structure 
is  parallel  to  the  walls  of  the  inelosing  rock  —  »t  least  is  parallel 
to  the  direction  of  the  flow. 


Some  remarkable  structural  phenomena  exhibited  by  the  jas- 
pilyte  rook  have  been  appealed  to  as  confirmatory  of  the  theory 
of  its  eruptive  origin,  viz.: 

1.  The  jaspilyte  stmctnre  cuts  off  the  schistose  structare,  the 
latter  being  assumed  to  be  due  to  sedimentation.  But  the  schis- 
tose structure  is  nob  due  to  sedimentation,  but  to  a  fibro- 
schistosity  superindnced  on  a  massive  rock  by  alteration  and  in- 
cipient decay.*  It  has  not  been  seen  no n -conformable  with  a 
true  sedimentary  stmctnre. 

2.  Dike-like  projections  are  seen  to  shoot  off  from  the  main 
jaspilyte  mass,  forming  large  angles  with  the  general  strike  of 
the  jaspily  te. 

One  remarkable  example  of  this  on  the  south  wall  of  the  Stone 
mine  was  photographed.  It  spurs  off  diagonally  toward  the  8. 
W.  from  the  main  jaspilyte  mass.  Its  width  is  about  two  feet, 
varying  to  four  feet,  and  it  is  visible  continnonsly  from  the  top 
of  the  mine  downward  to  the  first  level,  about  45  feet,  and,  pass- 
ing under  the  railroad  tra«k,  is  seen  again  crossing  the  schists  in 
the  same  manner,  and  in  the  same  direction,  entering  the  wall 
of  the  next  lower  level,  about  35  feet  deeper.  This  "feeder"  is 
Jointed  horizontally  as  well  as  perpendicularly.  It- consists  of 
siliceous  hematite,  and  does  not  show  distinctly  the  banding  of 
jaspilyte. .  It  is  splintery  in  the  direction  of  its  length. 

*  One  of  Ihe  most  liutmctlTaliutancH  of  meba  change  liTiHible  on  thaS.  W.^o' MC.  Hud 
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The  plan  of  that  part  of  the  south  wsll  of  this  mine  which 
embraces  this  so-called  dike  is  showu  by  &g.  i. 

J'^ace.  of  the  Ptincy^al   Or»  Ma^s. 
^2 


Fig.  i. — Showing  theplan  and  manner  of  divergence  of  the  so-caUed 
dike,  at  the  Si^me  mine. 
In  this  plan  the  schists  are  represented  by  the  dotted  lines. 
Hos.  1  and  2  are  two  beds  of  ore.  So.  1  is  the  "dike"  which  is 
E^iain  represented  in  figure  5,  as  it  appears  on  the  face  of  the 
south  wall.  The  schists  are  chained  with  iron  peroxide,  and  are 
entirely  destitute  of  theofiual  fine  schistose  structure  which  per- 
vades them  at  points  remote  from  the  mines.  They  are  coarse- 
grained, finely  jointed  with  irr^j^lar  fracture-planes,  or  are  mas- 
sive and  coarsely  jointed,  similarly  to  the  jointage  of  the  ore. 
In  the  close  vicinity  of  the  divergent  dike  they  are  much  con- 
fused by  close  and  irregular  fissure  planes. 


Fig.  5. — Showily  the  face  of  the  aout}>  tcaU  of  the  Stone  mine  where 
the  hetnaUte  spur  enters  it.  The  proportionate  width  is  too 
'great     The  perpendicniar  hight  is  forty-five  feet. 
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is  a  bed  of  ore  that  was  separated  frotb  the 
f  jaspilyte  and  in  the  operation  of  mlDit^  it  was 
x>ut  six  rods,  but  was  entered  apOD  again  at  a 
0  the  left  of  the  part  ioolnded  in  the  plan  It 
bh  separated  from  the  main  mass  of  ore  by  a  fer- 
«ale,  about  a  foot  thick,  and  its  broken-otf  ends 

appearance  of  another  "dike"  entering  the 
it  was  so  interpreted  at  first,  bat  on  farther  ez- 
tro  ends  exposed  were  foand  to  belong  to  the 

are  not  unezplainable  on  the  theory  of  the  sed- 
of  the  rock  which  now  holds  the  ore.  It  is  only 
e  examination  of  the  other  rocks  in  the  vlcinitj 
>Ter  that  the  formation  that  carries  the  ore  has 
itured  and  pressed  together.  The  foct  that  the 
ling,  in  nearly  all  cases,  stands  now  nearly  Ter- 
es that  there  has  been  applied  to  the  earth's 
irt  of  the  state,  an  immense  lateral  pressure, 
ike  of  the  formation  indicates  that  the  greatest 
a  direction  a  little  west  of  north  throughoat  a 
is  evident  that  the  direction  varied,  and  that  such 
ined  fractures,  and  lateral  tilting  in  directions 
le  prevailing  one.     There  are  large  areas  where 

been  exerted  a  great  crushing  force  at  right 
hieh  produced  the  present  prevailing  direction 

may  have  been  chronolt^ically  coincident,  or 
}he  other,  bnt  there  is  no  evidence,  so  far  as 
istrate  that  this  endwise  crushing  of  the  strata 
t  the  same  time  with  the  tilting.  The  tortaous 
jaspilyte  upon  itself  is  paralleled  in  the  argil- 
ickes.  The  onthrusting  of  these  two  rocks  upon 
the  protrusion  of  elbow-like  angles  from  one 
reducing  dike-like  tongues  and  prolongations, 
exhibited  in  many  places  in  sec  20,  T.  62-15, 
es  near  Tower.     The  following  sketches  made  on 

lis  some  others  that  were  photographed,  illus- 
'  in  which  the  graywacke  and  the  argillyte  are 
cally,  with  each  other.  These  seem  to  prove 
aiisportation  of  the  sediments  of  one  bed  trans- 
le  strike  so  as  to  lie  unconformably  among  the 
beds,  is  not  a  feature  confined  to  the  jaspilyte 
ist,  and  does  not  necessarily  indicate  that  either 
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of  the  rocks  ia  of  igneonB  origia;  bnt  that  such  ttreaking  op  of 
the  formations  was  a  iact  that  affeoted  all  the  beds  of  that  age. 
Some  of  these  figures  bear  a  resemblaDCe  to  Bome  that'  have  been 
given  by  Dr.  Wadsvorbh  to  illastrate  the  relations  of  the  Jaspi- 
lyte  and  schist  at  Marquette. 

MastMat  of  coarse  graywacke  are  included  in  a  paste  of  fine 
graywacke.  Such  masses  are  of  various  sizes,  and  are  sometimee 
rounded,  and  ao  welded  with  the  matrix  that  no  line  of  contact 
can  be  seen.  In  other  cases  they  are  angular.  They  are  seen 
also  to  be  placed  among  the  argillitic  slates  —  though  more  rare- 
ly — and  the  ai^Uitic  slates  are  frequently  seen  atrevn  in  angu- 
lar fragments  from  the  size  of  a  goose  quill  to  that  of  a  peck 
measnre,  through  the  coarser  graywackes,  still  retaining  the 
striping  of  fine  sedimentation  and  showing  the  feathery  frao 
tare  that  such  slates  exhibit  at  their  broken  ends.  These  pieces 
of  argillyte  lie  both  transverae  to  and  coincident  with  the  sedi- 
mentation of  the  graywackes. 

Sometimes  the  broken  off  eud  of  a  graywacke  stratum  will  ap- 
pear to  have  been  thrust  diagonally  into  the  sediments  of  an  ar- 
gillyte stratum,  or  a  splinter  ftvm  one  or  the  other  will  extend 
like  a  dike,  or  vein,  a  few  inches,  or  a  foot,  Intn  the  otherwise 
homi^neoos  structure  of  the  entered  rock.  In  some  cak^es,  and 
especially  in  the  case  of  graywacke,  folded  loops,  a  foot  or  even 
three  feet  long,  carrying  more  or  less  of  the  adjoining  lamiose 
of  the  argillyte,  protrude  boldly  across  the  general  structure, 
particularly  across  the  sedimentary  structure,  the  protruded 
'    mass  t^ing  but  a  few  inches  in  width. 


JF^.ff. 


Fig.  6. — Showing  afauU  croas- 
iitff  beda  of  argiUyte  and 
grayioaeke,  along  which  wag  a 
cotitact  plane,  and  a  lateral 
movement  so  as  to  warp  the 
be^  in  opposite  directions  on 
the  opposite  aides;  also  showing 
isolated  pieces  of  argillyte  in 
the  midst  of  otherwise  uni- 
form graywacke. 
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-Skotcinga  mnd'ing  dike  of  argiUilic  slate  mttiuff  a  bedded, 
but  very  uniform,  grai/toaele  rock. 
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On  sec.  20,  t>2-16,  the  graywacke  becomes  coarser,  with  areua- 
oeons  grains, and  gradually  aeanmes  the  character  of  afiuejaspery 
coDglomeijite  in  which  the  pebbles  are  arenaceons  quartzyte  of  a 
somewhat  amethystine  hae.  These  conglomerate  beds  are  from 
an  inch  to  twelve  inchesin  thickness,  and  alternate  regnlarly  with 
argillyte,  following  the  latter  in  all  its  tortnosities.  It  is  twisted 
back  and  forth,  broken,  folded,  and  "shortened." 

In  some  places  it  becomes  very  coarse,  aiid,  by  the  longitudinal 
shortening  it  is  made  to  swell  out  in  lenticular,  orin  very  irregu- 
lar bunches^  the  tine  pebbles  being  mingled  with  the  coarser 
ones.  The  pebbles  are  from  the  .size  of  a  mustard-seed  to 
peas,  and  also  lai^r,  and  the  matrix  Is  a  green,  soft  schist 
which,  also,  is  undistinguishable  from  lu^Ilyte  in  some  of  its 
stages  of  change.  In  those  places  where  the  aggregation  seems 
to  have  taken  place  laterally,  perhaps  since  the  first  deposition 
of  the  beds,  the  pieces  are  coarser  and  the  cementing  rock  is  not 
so  commonly  and  so  plainly  the  soft  green  schist  mentioned,  but 
is  siliceous.  Most  of  the  pebbles  are  jasperoid  rock,  but  occa- 
sionally there  is  one  of  diflfereiit  rock.  These  latter  are  found 
in  the  coarser  portions. 

In  other  places,  in  the  graywacke,  are  seen  some  pebbles,  two  or 
three  inches  in  their  longer  diameter,  of  the  same  kind  of  rock 
as  the  pebbles  in  the  conglomerate  of  Stuntz  island,  mingled 
with  these  fine  jasper  conglomerate  bauds.  Sometimes  these 
pebbles,  much  finer,  make  really  the  most  of  the  fine  conglomer- 
ate. Snch  conglomerate  bands,  however,  are  narrow,  and  not 
common  here. 


Fig.  8. — Shmoing  the  manner  in  which  a  spur  or  "dike''  of  gray- 
tDocke  t«  thruxt  among  the  argHlyU  elate.     This  is  exposed  on  the 
sur&ice  of  the  rock  eight  feet,  and  is  about  six  inches  wide. 
The  crumpled  condition  of  the  slates  at  the  end  of  this  tongue 
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10,  11,  aod  12. — Skovnng   isolated    a-umpled  pieces  of 
arffiUitie  slate  dtsseminated  UTieonformabli/  in  grayicacke. 
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-lowing  a  straight  argiUitic  band  in  eloae  proximity  to  a 

crumpled  one —  The  latter  seen  in  fig,  14. 
-Showing   crumpled   argHlyte   protruding  into  graywacke. 
,  ,M8  a  fiuidti  ttrwiure  (so  ceiOed)  paraUel  icith  the  wall*. 
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Pigai«8 13  ftud  14  ai«  sketcbee  of  arg^Utlc  rock,  rnniimg  throngti  gmymtekts 
rock,  one  belt  being  nearly  stitugbt  and  one  crumpled.  The  stniigbt  one  isabont 
5  feet  long,  and  an  inch  and  a  half  in  width.  The  inclosing  lock  ie  gray- 
wackein  nhicb  no  distinct  bedding  is  viflible. 

Other  similar  sketches  could  be  reproduced.  One  akebch  in 
my  Bote  book  shows  a  band  of  coarse  grayiracke,  four  inches 
wide  and  thirty  feet  long,  raDUing  act^iss  the  schistose  stmctnre, 
bnt  rudely  pamllel  with  indistinct  contorted  bands  of  argillyte, 
or  rock  intermediate  between  argillyteand  the  grsywacke  of  the 
band.  This  narrow  band  is  looped  repeatedly  back  on  itfielf,  in 
a  close  serpentine  manner,  some  of  the  folds  being  so  narrow  and 
abrupt,  where  it  was  thrust  back  on  itself,  that  t^e  continuity  of 
the  I^d  was  broken  and  the  short  intervals  were  filled  by  the 
surrounding  argillyte.  Such  fracturing,  and  thrusting  of  the 
"  buckled  elbows"  of  one  stratum  across  those  adjoining,  on  one 
side  or  the  other,  will  account  for  the  dike-like  action  of  tongues 
and  stringers  of  ore  and  jaspilyta  which  at  the  mines  hare  the 
aspect  of  eruptive  .protrusions,  if  not  for  all  the  similar  facte 
delineated  by  Dr.  Wadsworth  at  Marquette. 

These  figur<«  are  intended  to  show  tliat  it  la  not  an  uncommon 
thing  to  see  the  firm  sedimentary  beds  "buckling  out"  in  pro- 
trusions into  the  softer  ones.  In  case  of  fracture,  under  the 
process  of  upheaval,  one  of  the  edges  of  a  jaspilyte  layer  might 
be  protruded  many  feet  into  the  a^oiniug  beds;  and  when,  in  the 
operation  of  a  mine,  such  a  bed  were  exposed  perpendicularly  in 
the  wall,  it  would  at  once  suggest  the  eruptive  origin  of  the  bed, 
and  inferentially  of  all  the  jaspilyte  of  the  region.  The  same 
inference,  however,  would  have  to  be  extended,  on  the  foregoing 
evidence,  to  the  argillyte  and  the  graywacke  of  the  region,  and 
indeed  to  all  the  i-ooks  of  the  series,  and  they  would  all  have  to 
be  pronounced  eruptive. 

W<u  the  jaspilyte  deposited  at  a  tediraent  in  its  present  conditionT 
It  is  only  necessary  to  call  attention  to  a  few  facts  which  seem 
to  afford  a  negative  answer  to  this  question.  The  r^oQ,  and  dH 
the  rocks  of  the  region,  have  undergone  a  long  succession  of 
geolc^ical  changes.  The  beds  are  upturned,  nearly  everywhere, 
to  verticality,  and  have  been  folded,  crushed  upon  themselves 
by  pressure,  heated  by  outflowing  molten  rock,  and  by  intense 
chemical  action,  and  permeated  by  superheated  waters  and 
gases.  They  everywhere  bear  evidence  of  secondarily  deposited 
silica,  and  are  recemented,  in  their  fractured  planes,  by  it  and  by 
other  minerals.    They  have  suffered  decay  in  their  long  expos- 
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are  to  atmospheric  agents,  and  hare  been  changed  from  their 
normal  mineral  oonBtitntioa  to  greater  or  leas  depths  according 
to  the  vicissitudes  of  exposare  or  protection.  It  is  bet  reason- 
able to  expect  to  find  effects  of  these  ^ents  in  the  jaspityte 
as  in  the  other  rocks.  They  are  foand  in  the  jaspilyte. 
Many  of  the  stractnral  features  that  have  been  illustrated  by 
the  foregoing  figares  demOD8trat«  the  profoand  changes  that  have 
taken  place  in  the  ore-rock  since  its  first  deposition. 

There  are  also  mineral  and  chemical  considerations,  and  facts 
that  are  dei>endent  on  chemical  laws,  exemplified  in  the  minate 
stmctare  of  the  ore-rock  itself,  vhich  appear  to  answer  this 
qneetion  negatively.  Some  of  these  have  been  mentioned  in 
considering  the  jaspilyte  as  having  a  possible  eruptive  origin. 
1st.  The  hematite  has  a  relation  to  the  bedded  structure  vhich 
indicates  that  it  was  not  a  part<  of  the  original  rock,  bnt  was 
acquired  subsequently,  and  was  forced  to  take  such  positions 
and  forms  as  the  circumstances  of  the  original  rock  would 
permit.  2d.  The  hematite  is  in  a  pure  chemical  condition, 
and  exhibits  crystalliue  faces  and  forms.  These  crystalline  forms 
are  mingled  with  the  jaspilyte  in  innumerable  places.  They  fill 
cavities  or  line  them.  They  produce  the  fine  scales  that  give 
the  ore  the  characters  of  specular  hematite.  The  hematite  is  in- 
terspersed with  minute  crystals  of  magnetite,  and  sometimes  is 
largely  replaced  by  magnetite,  and  sparsely  by  gcethite.  The 
angular  forms  of  the  crystals  are  seen  sometimes  scattered 
through  the  reddish  jasperoid  rock,  and  even  in  the  white 
quartzyte.  So  fir  as  known,  pnre  crystalline  hematite  is  never 
deposited  as  a  sediment.  Limonite  may  be  ao  formed,  and  it 
may  subsequently  be  converted  by  dehydration  and  concentra- 
tion to  a  pure  hematite  or  to  magnetite.  3d.  The  silica  of  the 
quartzyte  is  not  in  its  original  condition.  It  has  already  been 
stated  that  the  grains  of  silica,  when  the  *'  chalcedonic  quartz  " 
is  disintegrated  by  weathering,  ai-e  not  rounded  as  if  they  had 
been  deposited  by  the  action  of  sedimentation.  The  grains  of 
sand  of  the  St.  Croix  sandstone  are  rounded  as  if  beaten  about 
on  the  bottom  or  on  the  beach  of  the  ocean  for  a  long  period  of 
time.  Yet  the  chalcedonic  quartz,  when  it  is  crumbled  by  at- 
mospheric action,  seems  to  be  as  uniformly  granular  as  the  St. 
Croix  sandrock.  It  seems  probable  that  the  original  grains,  of 
which  the  quartzyte  in  the  jaspilyte  consists,  have  lost  their 
i-ounded  outlines  by  the  deposition  of  interstitial  silica,  and  that 
eaohseparategrainactedasagoverning centre, cansing  the  inter- 
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stitial  silica  to  arrange  iteetf  atider  the  crystalline  lav  governiiig 
eacliiDdlvidaal,aloDgthe  axial  lines  of  itselfiUntilalltheinterstl- 
tlalspace  had  been  occnpied.  Each  grain  which  had  heen  origi- 
nally a  roanded  one  became  thus  an  angular  one.  When  decay 
then  operates  to  loosen  these  grains  fmm  each  other,ttaey  separate 
first  not  Arom  the  silica  which  had  thus  been  accreted  to  their 
sarfaces,  bat  along  the  planes  at  which  the  various  grains  in 
their  growth  had  met  each  other.  This  depostion  of  interstitial 
silica  la  the  quartz  rocks  of  the  northwest  has  been  pointed  out 
by  Profe.  B.  D,  Irving*  and  C.  B.  Van  Hise.  Such  change  in 
the  form  of  rounded  qnartz  grains  has  been  shown  by  them  to 
occur  frequently,  in  qnartzytes  of  nearly  all  the  older  forma- 
tions, including  the  quartzytes  of  the  iron-bearing  rocks  at  Mar- 
quette, Michigan,  but  it  has  by  them  been  regarded  as  not  ap- 
plicable to  the  most  of  the  silica  of  the  jaspilyte,  which  has 
rather  been  considered  largely  as  chaloedonic  and  amorphom. 
In  the  opinion  of  the  writer,  however,  all  the  so-called  chalce- 
donic  silica  in  the  YermiliOD  region  is  granular,  and  its  granu- 
lar character  can  be  recognized  easily  in'  the  field,  and  all  the 
sedimentary  silica  cau  be  distinguished  from  the  secondary 
chemical  silica  by  outward  visible  characters.  The  "chalce- 
donic"  silica  seldom  or  never  appears  as  a  cementing  material 
filling  cracks  and  veins  except  by  mechanical  transpositioa  but 
is  confined  to  its  interleaved,  position,  between  other  beds  of  the 
ore-rock.  Itis  not  vitreous,  but  has  a  clouded  translucency.  The 
chemical  silica  is  glassy  and  is  apt  to  run  transverse  to  all  the 
grain  and  structure  of  the  rock,  filling  such  openings  as  had  been 
produced  by  upheaval  and  fracture,  and  is  never  chalcedonic 
in  the  same  manner  as  the  fragmeutal  bands.t 

Was  the  ore  the  result  of  chemical,  or  metasomatic,  change  in  aedi- 
meiUary  rook?  It  is  most  in  keeping  with  the  facts,  taken  alto- 
geth^,  to  attribute  snch  an  origin  to  the  ore.  The  ore,  as  amass, 
embraces  sedimentary  rocks  of  varyingtextnre  and  composition, 
and  throughout  it,  can  be  seen  the  variations  of  texture  and 
structure  that  only  sedimentary  action  is  known  to  produce  in 
rocky  strata.  While  tills  is  fnlly  borne  out  by  the  phenomena 
seen  at  the  mines  on  the  Vermilion  range,  it  is  equally  true  of  the 
mines  on  the  Gogebic  range,  at  Negaunee,  and  at  Black  Biver 
Falls,  Wisconsin.  It  is  patent  also  to  any  geologist  who  care- 
fully, or  even  casually,  examinee  the  structure  at  the  small  open- 

•  BullellB  OC  tbe  U.  S.  Geologlaa  Sanej,  toI,  il,  p.  IK. 

t  Bee,  howerer,  rock  luople  No.  1013,  obfre  fhalcodonlc  hIIIcii  ■ppuvntl)'  ac»  a>  vp[n  flIIlDg 
Thta  subject  needs  furUier  invMligsUon. 
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a  vein,  among  the  people  and  particularly  the  explorers,  in  that 
part  of  the  state.  The  term  is  applied  hy  the  miners  and  the 
proprietors  to  the  ore  deposits  of  the  Gtogebic  range  in  "Wiscon- 
sin and  Michigan.  This  is  a  very  loose  aad  incorrect  use  of  the 
Tord.  The  ore  deposit  is  in  no  case,  so  &r  as  known  throaghont 
the  northwest,  fonnd  to  take  the  form  or  havetheorigin  of  veins. 
A  vein  is  a  mineral  deposit  filling  a  fissure  in  the  crust  of  the 
earth,  the  filling  being  done«ither  by  chemical  secretions  on  the 
walls,  or  by  injection  of  molten  matter  from  below.  In  the  latter 
case  the  t«nn  dike  is  applicable,  and  generally  is  used.  But 
where  the  ore  beds  exist  there  have  been  uo  fissures  in  the  crnst. 
The  ore  is  not  arranged  as  oree  are  arranged  in  true  veins.  The 
ore  ia  a  changed  rock-stratum;  audit  would  be  as.appropriate  to 
.apply  the  term  vein  to  a  bed  of  marble,  or  a  bed  of  granite,  as  to 
give  it  to  the  ore-bed. 

2.      THE  IHON  MINES  AT  TOWEK. 

In  the  thirteenth  report  of  the  survey  some  account  ia  given 
of  the  mines  and  their  products,  so  far  as  t^ey  had  been  devel- 
oped at  that  time.  Since  then  new  facts  have  been  discovered 
and  much  information  of  great  interest  has  been  obtained  re- 
specting the  extent  of  the  ore  deposit,  its  geology,  its  quality  at 
different  places  and  its  prospective  value. 

The  principal  active  mines  are  still  owned  by  the  Minnesota 
Iron  company,  but  »everal  new  mines  have  been  begun. 

Beginning  at  the  most  westerly  of  the  mines,  a  brief  descrip- 
tion will  be  given  of  each,  embracing  such  facts  as  have  been 
ascertained  by  inspection,  or  from  the  proprietors,  and  snch 
^  geological  Qotesasfaavea  bearing  on  the  foregoing  discussion.  In 
these  descriptions  will  be  made  references  to  the  rock  samples 
collected  and  added  to  the  serial  numbers  of  the  snrvey. 

The  Lee  mine  ia  an  east-aud-west  excavation  in  the  eastern 
extremity  of  the  south  ridge.  This  ridge  extends  westward  from 
the  mine  north  of  Tower  nearly  to  Hoodoo  point,  and  affords 
very  valuable  and  striking  facte  bearing  on  the  geology  of  the 
region.  The  excavation  is  40  feet  deep  (June  17,  1886),  and  has 
followed  the  perpendicular  quartzyte-jasper-hematite  beds  about 
fifteen  rods,  running  westward  with  the  strike  of  the  strata. 
The  open  excavation  is  about  30  feet  across,  and  the  bedding  is 
very  much  brecciated.  The  WEills  are  the  greenish  schist  (rock 
"So.  869),  but  they  widen  out  rapidly  to  the  west  from  t^e  point 
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liight  of  the  ridge  also  becoming  less  and  lees.  On  the  north  side 
tliis  crowding  is  evinced  not  so  ninch  by  a  loss  of  layers  in  the 
ore-rock  as  by  a  change  by  which  the  ore-rock  actually  beomes 
greenish,  then  softer,  yet  reddish  and  hematitic  and  finally  passes 
into  the  schist.  This  is  in  the  direction  of  the  strike.  A  large 
part  of  the  prodact  of  the  Lee  mine  is  a  second  grade  ore.  Bock 
samples  871,  and  871,  A.    ' 

The  West  Breitung  mine  is  not  mnch  worked  yet,  but  has 
afforded  some  fine  ore.  This  mine  is  the  most  westerly  in  the 
north  ridge,  yet  is  bat  little  to  the  east  of  the  meridian  of  the  Lee 
mine.  Here  the  strike  of  the  qnartzyte  is  very  confused  and 
twisted,  there  being  above  the  mine  (i.  e.  on  the  north  side),  a 
long  stretch  of  jasper  and  qnartzyte,  running  upward  in  the 
higher  parts  of  the  hill,  that  strikes  nearly  north  and  sonth. 

The  Breitang  mine  is  quite  near  the  West  Breitnng.  It  has 
been  extensively  worked,  but  now  it  is  silent.  It  consists  of  a 
series  of  deep  surface  excavations  that  tnrn  about,  return  ob- 
liquely through  underground  passages  and  open  out  in  different 
directions,  following  the  crumpled  directions  of  the  jaspilyte. 
The  ore  (i.  e.  the  jaspilyte)  is  not  very  good,  but  much  good  ore 
has  been  taken  out  of  this  mine.  The  deposit  is  in  broken  tmd 
irregular  masses,  mingled  with  the  prevailing  reddened  schist. 
In  one  place  the  jaspilyte  seems  to  lie  in  heavy  sloping  layers,  sep- 
arated by  a  soft  or  at  least  an  earthy  crumbling  substance.  This 
is  not  a  true  sedimentary,  nor  yet  an  igneous  superposition. 
The  banding  of  the  jaspilyte  stands  nearly  perpendicular  every- 
where, or  varies  locally  a  few  d^rees  from  the  perpendicular. 
It  is  placed  alongside  the  schists  wh  ich  are  sometimes  nearly  white 
and  kaolin-like  (No.  884)  and  sometimes  of  a  brick-red  color. 
Its  line  of  direction  or  strike  is  very  tortuous,  even  more  tortu- 
ous than  the  shape  of  the  mine  would  indicate.  Indeed  the  di- 
rection of  the  minute  banding  has  no  relation  to  the  direction 
taken  by  the  mine,  but  that  which  governed  the  miners  was  the 
direction  of  the  general  trend  of  all  the  mass  of  jaspilyte.  The 
fine  banding  sometimes  runs  at  right  angles  with  the  general 
direction  of  the  mine,  and  this  is  most  noticeable  at  the  place 
marked  D  on  the  following  sketch  of  the  plan  of  this  mine.  The 
schist  here  is  oilen  curiously  basaltified,  and  covered  with  slick- 
ensided  areas,  when  embraced  between  masses  of  the  rock.  The 
basaltic  structure  is  sometimes  curving,  like  some  seen  in  the 
trap  on  the  shore  of  lake  Superior.  The  working  of  this  mine 
has   not   exhausted  the  ore  deposit,  nor  really  developed  its 
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vidth.     This  mine,  toward  the  east,  is  directly  contigaons  with 
the  West  Tower  mine.    Rocks  884  and  916. 


J^./^ 


Fig.  15. —  Plan  of  the  Breitung  mine. 

Explanation. 

A.  Cartways. 

B.  Undet^romid  eicnvation. 

C.  Deep  shafts. 

D.  Shallow  working  counecting  the  two  main  pits. 

E.  Beginning  of  the  Tower  mme. 
"•"  Mouths  of  tunnels. 

The  West  Tower  mine,  in  its  chief  excavation,  is  an  open  deep 
hole,  bat  it  has  extensive  underground  chambers  through  which 
the  product  of  the  mine  is  carted  to  the  railroad,  and  by  which 
the  different  parts  of  the  mine,  such  as  other  deep  surfiaoe 
openings,  are  connected  with  each  other.  This  mine  is  worked 
extensively  now.  The  total  depth  is  about  130  feet.  The  strike 
of  the  rocks  here  is  somewhat  more  uniformly  in  an  east  and 
west  direction,  hut  still  with  much  interior  banding  in  the  in- 
dividual layers,  in  contorted  oonrsee.  The  walls  are  of  jaspi- 
lyte,  except  a  small  exposure  of  schist  near  the  east  end,  in  the 
sonth  wall.  It  is  stated  by  one  of  the  captains  at  this  miue  that 
the  quality  of  the  ore  compared  to  the  rock,  and  the  amount  of 
ore,  do  not  change  perceptibly  as  the  working  gets  deeper.  TMs 
mine  is  being  extended  east  by  a  (now)  shallow  trench. 
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Fig.  16. — Plan  of  the  West  Tower  mitte. 
The  EaM  Tower  mine  is  one  of  the  most  productive  of  the  Yer- 
milioti  range.  Foar  small  cars  are  loaded  simnltaaeously,  each 
one  carryiDg  ao  average  load,  as  stated,  of  about  5,000  poundB. 
Four  hnadred  and  fifty  tons  per  day  are  taken  from  t&is  mine, 
and  seven  hundred  tons  per  day  from  the  two  Tower  mines. 
Sixteen  men  are  continually  Bhoveliug  ore  Into  the  cars,  there 
being  no  need  of  assortment.  With  diamond  drills  and  steam 
power,  holes  are  made  in  the  mass  of  the  ore  above  the  level  on 
which  the  care  run,  suitable  for  a  charge  of  powder.  The  larger 
masses  too  lai^  for  handling,  resulting  from  the  blastlDg,  are  ' 
broken  by  hand  sledges,  but  the  most  of  it  is  ready  at  once  for 
loading  in  the  cars.  This  mine  shows  the  most  ore,  and  the 
pnrest  great  deposit  yet  found.  The  walls  are  entirely  in  ore. 
The  tunnel  running  south  carries  the  ore  to  the  pockets  which 
convey  it,  as  wanted,  into  the  railroad  oars.  The  tunnel  is  cut 
wholly  in  green  schist  which  shows  a  distinct  dip  north,  about 
85  degrees  (sometimes  SOJ.  At  the  mine  the  south  wall  over- 
hangs on  the  schist;  but  the  work  has  not  gone  far  enough  to  re- 
veal the  north  wall.  The  prodnct  of  this  mine  at  present  is 
carried  out  entirely  through  the  tunnel,  without  any  hoisting. 
The  pit  is  about  75  feet  deep,  and  100  feet  in  diameter,  nearly 
circular.     The  ore  of  this  mine  is  represented  by  rock  876. 
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(Ae  BoMi  Tower  mine. 

1  open  pit  from  fifty  to  sixty  ffiet 
deep,  without  having  as  yet  de- 
k1  ore.  The  excavated  rock  is 
hist.  The  gang  of  men  is  small, 
:et  and  horse-power.  A  sketch 
ien  in  fignrel.  At  this  pit  the 
m  top  to  tiottoui,  between  strata 
degi-ees  toward  the  north.     No 
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'  the  East  Ely  mitie. 

irnatioD  of  ore  and  ferruginoos 
illugtration  of  this  see  fignre  2. 
St  and  ore  are  i-onghly  cross- 
tat  the  ore  shows  this  stractnre 
as  been  done  at  this  mine,  and  a 
ade. 
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Fig.  19, — Plan  of  the  Stone  mine.  , 

The  Stone  mijie  hae  been  considerably  more  worked  than  the 
East  Ely,  and  consiBts  ia  the  main  of  a  deep  trench  abont  forty 
feet  Tide,  and  from  forty  to  eighty  feet  deep,  running  about  east 
and  west  following  the  coarse  of  the  main  mass  of  jaspilyte,  and 
abont  two  handred  and  fifty  feet  long.  At  the  east  end  of  the 
mine  the  schists,  which  everywhere  constitate  the  walls  at  this 
mine,  have  a  general  dip  to  the  north,  abont  86  degrees.  In  some 
places,  however,  they  stand  apparently  about  vertical.  They 
exhibit  the  hardened,  reddened  and  less  schistose,  or  more  coarse- 
ly schistose  bat  somewhat  joint«d,  structure  which  has  been  at- 
tribated  to  the  heating  effect  of  the  jaspilyte  on  the  theory  that 
the  jaspilyte  is  of  emptive  origin.  (Bock  samples  890.)  This  red- 
dened schist  seems  to  have  lumps  of  chlorite,  or  a  chloritic  min- 
eral, and  perhaps  of  other  minerals,  originating  in  it,  as  if  an 
Incipient  recrystallization  had  been  retarded  and  stopped.  la 
other  places  this  schist  shows  a  similar  condition  when  inclosed 
between  the  strata,  or  belts,  of  the  jaspilyte.  Again,  in  other 
places  this  schist  is  less  leuticularly  schistose,  bnt,  while  redder, 
and  jointed  moi-e  at  right  angles,  it  is  equally  soft.  This  change 
in  the  schist  from  soft,  green,  fissile  rock,  is  attributable  to  the 
same  cause  that^  produced  the  general  ferruginization  of  the  for- 
mation, and  gave  origin  to  the  hematite  of  the  jaspilyte.  If  it  be 
a  baked  tx)adition  of  the  schist,  the  heat  necessary  may  have 
been  derived  from  the  mechanical  action  of  the  firm  jaspilyte  on 
the  schist  at  the  time  of  the  upheaval  and  fractunag,  augmented 
by  chemical  action. 

The  reddened  schist  sometimes  aJso  is  banded  in  a  manner 
similar  to  that  seen  in  the  jaspilyte,  and  can  present  a  claim,  on 
that  acooant,  as  valid  as  the  jaspilyte,  to  a  flnidal  origin  (Rock 
sample  No.  891),  There  is  also,  where  the  sample  No.  891  is 
taken  out,  a  coarse  banding  in  the  jointed  clay,  consisting  of 
more  and  more,  or  less  and  lees,  ferruginization,  parallel  to  the 
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f  the  jaspilyte  and  probably  doe  to  the  same  oaose. 
ever,  is  not  so  marked  as  in  the  jaspilyte,  but  consists 
h-black,  brown,  and  light- red  stripes,  the  latter  being 
»n  sample  No.  891. 

i  a  belt,  or  stratnm,  on  the  north  side  of  the  mine,  at 
:nd,  about  a  foot  thick,  where  No.  891  is  taken  ost, 
B  clay  becomes  firmer  and  firmer,  and  even  siliceous 
itic  at  the  centre,  where  the  banding  is  maoh  more 
yte.    This  belt  increases  in  importance  as  an  ore,  np- 

was  taken  off,  with  the  operation  of  the  mine.  It  be- 
>  belts  each  abont  a  foot  wide,  separated  by  a  stratum 
ist. 

icbist  are  lenticular  masses  of  quartz,  qnartzyte  (these 
r  chemical  origin  by  s^regation),  and  of  banded  jas- 
lieee  jaspilyte  masses  are  sometimes  thin,  and  inter- 
their  coarses,  and  very  frequent  in  their  alternationa 
chist.  To  regard  them  as  anything  bat  of  original 
ry  origin,  though  now  mechanically,  and  perhaps 
T  s^;regated  into  lenticular  masses,  or  pipes,  or  wavy 
bin  the  schists,  aeemB  impoeeible  and  almost  absurd, 
is  reductio  ad  <d>8urdum  consequenee  is  the  eruptive 
iven,  for  there  is  a  perfect  gradation  from  the  great 
s  to  these  thin  sheets  and  lenticular  masses. 
:  to  explain  this  peculiar  manner  of  distribution  of 
on  the  eruptive  hypothesis,  these  isolated  sheets  and 
lenticular  masses,  are  not  admitted  to  have  been  iso- 
1  their  parent  mass,  but,  before  the  opening  of  the 
supposed  to  have  been  connected  with  the  great  jas- 
j,  such  connections  now  being  destroyed  by  the  oper- 
.e  mine.  Thus  they  are  supposed  to  have  come,at  the 
,  from  the  same  deep  source  as  the  rest  of  the  jaspilyte. 
us  that  from  the  nature  of  the  case,  when  one  of  these 
ilosed  in  the  schist,  one  end,  or  one  edge,  is  seen  nn- 
nd  that  end,or  side.  In  Dr.  Wadsworth's  opinion,  had 
on  with  the  parent  mass.  It  thus  makes  no  dififerenoe 
r  direction  these  are  viewed,  from  above,  below,  ttoia 
)r  left,  there  is  no  demonstration  of  their  entire  lenticu- 
nre  in  the  schists,  however  patent  it  may  appear, 
y  terminate  on  the  snrface  of  the  weathered  jaspilyte, 

working  has  begun,  they  can  be  said,  safely,  to  have 
ated  connection  with  the  main  mass.  Wlien  the 
lened,  and  such  lenticular  masses  are  found  to  taper 
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oat  downward,  and  to  be  overlapped  to  the  right  or  left  by 
others,  an  intelligent  captain  coald  observe  the  &cte  and  bring 
evidence  pro  or  con  as  to  the  actuality  of  their  snppoBed  anion 
with  the  niain  lode.  This  qaestion  wae  asked  one  of  the  foremen 
at  the  Stone  mine,  in  the  presence  of  Dr.  Wadswortb.  He  eaid 
they  frequently  ran  ont  to  points  downward  and  ceaaed  to  be  of 
any  value  aa  ore.  Bat  sabeeqaently  he  told  Dr.  Wadsworth 
that  they  never  do.  " 

The  following  sketch,  Fig.  20,  Bhows  a  lenticalar  mass  of 
jaspilybe  at  the  east  end  of  the  Stone  mine,  inclosed  in  contoi-t- 
od  and  more  or  less  "  baked"  schists.  The  end  exposed,  #hich 
faces  vest,is  uapposed,  on  the  theory  of  Dr.  Wadsworth,to  have 
been  connected  with  the  main  body  of  ore,  which  now  has 
been  mined  out.  This  can  not  be  denied  now,  and  seemB  plaus- 
ible from  the  fact  that  toward  the  east  this  branch  of  the  main 
ore  deposit  became  narrower,  and  so  unimportant  that  the  work 
in  that  direction  finally  ceased,  the  running  of  it  oat  being  in 
keeping  with  this  lenticalar  mass.  The  sketched  mass  is  about 
four  feet  long  perpendicularly,  and  thirty-five  feet  below  the 
natural  snr&ce  of  the  ground. 


Fig.  20. — Lenticular  mags  of  jaapUyte  in  reddened  schiat  at  the  east 
end  of  the  Stone  mine.  * 
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In  the  Stone  mine,  near  the  north  wall,  abont  aeventy-five  feet 

beloT  the  natnral  snrfoce  of  the  groand,  is  what  appears  to  be  a 

F%a.2f  lenticular  masa  of  jaspilyte,  lying  be- 

™"      *  tween  schist,   on  the,  north  side,  and  a 

Jt'l  (V  <!ontorted  band  of  hematite,  on  the  sonth 

side.    The  lower  portion  of  the  rough 

hematitic  rock  has  been  qnarried  away. 

Owing  to  somi  sinnoeities  in  the  line  of 

excavation  the  profile  of  this  part  of  the 

north  wall   shows   the  relation  of  this 

jaspilyte  to  the  schist  and  to  the  rongh 

nodnlar  hematite,  as  in  the  figure  below 

(Fig.  21).     This  jasper  (No.  892)  is  ap- 

_     parently  granular  in  the  same  manner 

as  that  at  the  natural  surface,  having,  in 

its  whiter  portion  the  same  clouded trana- 

Incence;  and  this  would  indicate  that 

the  usual  granular  condition  is  not  owing 

to  incipient  decay. 

Fig.  21. —  Clouded  translucent  or  "chalce- 
donit^'  jasper  sevenfy-five  feet  betow  the 
natural  surface,  in  the  north  waU  of  the 
Stone  mine. 

In  the  Stone  mine,  near  the  place  of 

the  last,  but  on  the  opposite  side,  is  a 

broken  and  angular  condition  of   the 

jaspilyte,   now  being  mined.      This  is 

about  SO  feet  below  the  surface,  and  the 

sinuous  course  of  the  banding  is  shown  by   Fig.   22.     When 

this  rock,  so  mined,  separates  in  the  planes  coincident  with  the 

sedimentary  lamination  the  cleaved  surface  is  specular,  and  the 

ore  is  specular  hematite. 
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Fig.  22. — Showiing  the  handing  of  ^  jaspUyte  in  the  Stone  mine. 
The  mr/ace  tHuiched  it  perpendicular. 
Farther  west,  ia  the  Stone  uune,  a  bedding  stractare  passes 
from  the  red,  "baked"  clay,  so  called,  into  the  jaspilyte,  eon- 
forniable  throughont  in  itsbending  course.  If  oneissedimentary 
the  other  is.  This  is  not  the  schistose structnre,  batthe  bedding 
of  the  clay,  forty  feet  belov  the  sar&ce. 


Fig.  23. —  Showing  a  sedimentary  structure  contHUtous  conformably 
from  the  "baked  clay"  into  the  jaspUyte;  west  end  of  the  Stone 
min«. 
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LANATIOK  OF  PiQ.  23. 
ight  Inchee  wide. 

broken.  twentj--eight  inches. 


Stone  mine  the  south  wall  suddenly 
:tb,  the  jaspilyte  bursting  southward, 
nre  extends  is  not  shotrn  yet,  but  it  is 
>rth  wall  dooH  not  show  this  irregularity, 
ittle  further  weet  there  begins  to  ap- 
,e  stripped,  but  unminod,  upper  surface 
:arning  off  toward  the  north.  Although 
usion  is  generally  broken  and  coufased, 
least  and  west  direction  —  at  least  it  is 
s  of  the  mine,  ae  would  be  expected  if 
1  state  flowed  into  an  opening  at  this 


9y^..3^. 


east  of  the  Stone  mine.  Here  can  be 
>n  of  layers  of  jaspilyte  and  schist,  simi- 
one  and  Ely  mines,  there  being  visible 

six  to  ten  feet  thick,  dipping  N.  or  K. 
ut  80  degrees  from  the  horizon.  The 
sast  and  west  and  is  about  two  hundred 
evels,  from  the  lower  of  which  a  tnnnel 
lying  away  water  and  rock,  and  a  drift 
jUowing  the  ore,  with  a  view  to  work- 

■Plan  of  the  Stuntz  mine. 

r  of  iAe  Minnesota  Iron  company: 

62,124  tons. 

225,484  tana. 

304,396  tons. 
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In  March,  1887,  the  following  Btatement  was  made  of  the  min- 
ing equipment  of  the  foregoing  nunes: 

The  machinery  at  the  mines  embraces  two  compressors,  20 
inches  in  diameter  and  30  inches  Btroke,  operating  30  Ingersoll 
rock  drills  in  the  various  openings.  Six  steam  cDgines  drive  six: 
hoisting  drams,  5  feet  in  diameter,  and  also  Winze  hoists  which 
operate  the  11  skips  and  hoists  in  the  varions  excavations.  Some 
of  the  skips  are  the  ordinary  iron  bucket  with  wheels  and  bail, 
which  are  automatically  damped  at  the  summit  of  the  skip. 
Others  are  platforms  on  which  cars  are  run  at  the  bottom  of  the 
opening  and  lifted  to  the  aurtace  where  they  run  off  on  other 
tracks.  Cables  are  also  used  to  handle  cars  through  a  tunnel 
leading  from  one  of  the  openings  to  the  dump  piles.  In  one  case 
nine  cars  are  raised  from  the  pit  by  a  boom  derrick  to  tracks  at 
surface  level,  and  in  another  a  counterbalance  with  pulley 
sheaves  returns  empty  cars  up  a  long  incline  which  they  descend 
when  loaded.  Two  twenty-light  dynamos,  driven  by  an  inde- 
pendent engine,  furnish  light  for  operating  the  mine  continnous- 
ly  throughout  the  year.  To  provide  for  shipping  the  ore  dur- 
ing the  six  or  seven  months  when  navigation  is  opened,  part  of 
the  ore  must  be  mined  and  stocked  in  winter.  The  rigor 
of  the  winter  in  northern  Minnesota  would  seem  to  preclude 
active  operations  in  the  oj^en  pits,  bat  captain  Morcom  stated 
that  although  daring  the  season  just  closed  the  thermome- 
ter at  times  indicated  thirty  and  forty  d^i-ees  below  zero,  work 
had  not  been  suspended  day  or  night,  the  dry,  still  atmosphere 
making  it  possible  for  labor  to  be  performed  with  less  discomfort 
than  in  other  regions  where  a  higher  winter  temperature  is  ac- 
companied with  duupness  or  penetrating  winds. 

Qualify  of  the  Minnefota  hematite  ores.  The  ore  is  very  hard, 
and  must  be  removed  by  explosives,  dynamite,  with  about  fifty 
percent  of  nitro-glycerine,  being  chiefly  used;  but  the  hard 
character  of  the  ore  has  its  compensation  ia  furnishing  firm  pil- 
lars for  future  nndei^roand  working,  and  in  being  richer  in 
metallic  iron  than  the  softer  ores.  Much  of  the  ore  is  massive 
or  structarelees,  but  sometimes  It  takes  the  aspect  of  specular  ore. 
In  physical  character  the  ore  closely  resemhlcB  that  taken  out  of 
the  Champion  mine  in  the  Marquette  district,  and  some  of  the 
best  specimens  from  the  Ashland  mine  in  the  Gogebic  region. 

The  chemical  analyses,  made  at  the  mines  by  Mr.  F. 
Prince,  the  aasayer  of  the  company,  show  a  high  range  of  me- 
tallic iron,   and  a  low  percentage  of    phosphorus.      By    the 
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courtesy  of  Mr.  C.  Tower,  Jr.,  the  managing  director  of  the 
company,  the  resnlts  of  assays  made  during  a  period  of  three 
months  were  examined,  and  an  averse  of  115  analyses  showed 
the  following  rates.  These  were  on  samples  taken  from  the  stock- 
piles in  the  daily  operation  of  the  mines.* 

Ir*"--: ■ 87.70 

Phosphoroe 0.06 

SUica 1,50 

The  lowest  determination  was:  Iron,  65.29;  phosphorus,  0.067; 

silica,  3.79.     The  highest  was:  Iron,  69.28;   phosphorus,  0.0849; 

silica,  0.68. 

The  phosphorus  in  the  Vermilion  ores  varies  from  0.021  to 

0.110,  but  in  most  of  the  ore  as  now  found  it  is  between  0.04  and 

0.07,  so  that  the  company  can   readily  maintain  a  guarantee  of 

0.06  or  leas  of  phosphorus. 
The  foUowii^  are  complete  analyses  of  the  ore  taken  from  the 

different  stock-piles  and  analyzed  by  Mr.  Prince: 

Iron 87.99  68.37  68.32 

PhoBphoTOS ~  0.063  0.057  0.046 

Silica 1.35  0.10  1.3 

Alumina Qndet«nuiii«d  O.IO  0.25 

Magnesia "  O.OU  nil. 

Sulphur 0.005  0.007  nil. 

Loss  bj  ignition. nndetonnined  0.56  0.06 

It  is  noticeable  that  the  leaner  ores  are  of  practically  the  same 
composition,  except  as  to  silica,  as  the  rich  ore,  indicating  that 
the  inferior  ores  are  those  which,  lying  near  the  walls  or  horses 
of  rock,  carry  free  silica.  In  mining  this  ore,  as  above  stated, 
two  grades  only  are  made;  the  great  balk  of  the  ore  (fully  five- 
tenths  of  all  that  is  mined)  is  sold  as  "Minnesota  Bessemer" 
and  is  gaaranteed  to  contain:  Iron,  67i  per  cent  or  over;  phos- 
phorus, 0.06  or  Under;  while  the  second  grade  of  ore,  "Bed 
Lake,"  is  merely  the  ore  which,  being  mined  close  to  the  walls  or 
"horses"  of  rock,  has  more  free  silica,  bat  is  sold  to  yield  iron 
62  per  cent  or  over;  phosphorus,  0.06  per  cent  or  noder.  In 
mining  the  ore  the  walls  are  fairly  well  defined,  so  thatcompara- 
tively  small  qnantitiesof  it  are  taken  off  with  the  ore.  The 
dump  piles  of  refuse  would,  however,  show  from  25  to  45  per 
cent  of  iron. 

To  indicate  the  character  of  the  ore  chemical  analyses  may  be 
quoted,  bat  s  more  reliable  index  is  in  the  fact  that  the  Miune- 

'  "John  BIrkinbloe,  In  The  Iron  Agr. 
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Bota  IroD  company  have  made  one  contract  for  the  carreot  year, 
which  is  for  the  delivery  of  135,000  gross  tons  of  ore  guaranteed 
not  to  average  belov  67i  per  cent  metallic  iron,  and  with  phoa- 
phorus  not  to  exceed  0.06.  In  addition  the  company  will  ship 
over  200,000  tons  of  ore  guaranteed  to  average  at  least  67  per 
cent  of  iron,  with  phosphorus  0.06,  and  40,000  to  50,000  tons  of 
ore  guaranteed  to  show  between  62  and  61  per  cent  of  iron,  with 
phosphorus  at  0.6  per  cent.  There  are  one  or  two  companies 
who  coald  deliver  large  amonnts  of  ore  as  rich  iu  iron  and  as  low 
or  possibly  lower  in  phosphorus,  but  there  ia  probably  no  other 
iron  ore  company  in  the  United  States  that  would  undertake  to 
meet  the  above  gaaranteee  for  350,000  tons  of  ore  in  1887. 

The  prodocb  of  the  mines  of  the  Minnesota  Iron  company,  in 
the  third  year  of  its  existence,  raises  it  to  tiie  second  place 
among  the  ore'producers  of  the  United  States. 

3.    TKB  MINES  EAST  OF  TOWEE  ON  THE  VEHMILION  BANGE. 

In  the  fall  of  1882,  H.  B.  Harvey,  an  experienced  miner  and 
explorer,  started  eastward  from  Tower,  then  consisting  of  one 
smalt  log  cabin,  and  cross-sectioned  the  country  until  he  found 
some  good  iron  indications  in  section  13,  township  62  north,  range 
13  west.  Winter  coming  on,  a  stop  ww  pnt  to  his  explorations 
fortheyear,  but  the  next  spring — 1883 — he  renewed  his  explora- 
tions. At  the  same  time  Emil  Hartman  commenced  investigating 
the  same  field.  Both  worked  from  nearly  the  same  point,  follow- 
ing Dp  the  floats  of  iron  ore  and  jasper  until  they  worked  them- 
selves into  the  town  of  63-12.  Mr.  Harvey  foand  here  in  section 
27  the  outcrop  of  ore  which  is  known  as  the  Pattison  find. 

This  property  Is  now  leased  to  the  Pioneer  Iron  Mining  com- 
pany. Mr.  Hartman,  who  worked  about  two  milee  further  east 
found  the  outcrop  on  section  25  in  same  township,  also  the  out- 
,  crops  on  the  Eaton  &  Merritt  claim.  In'  regard  to  the  latter 
find,  Edward  Byrne  was  a  few  days  ahead  of  Hartman,  and  is 
entitled  to  the  honor  of  the  first  find  on  section  30,  township  63, 
range  11. 

The  first  projkerty  east  of  Tower  which  was  brought  to  de- 
velopment was  the  north  half  of  the  northeast  quarter  of  section 
27,  town  63,  range  12  west.  This  was  done  by  Mr.  Harvey,  ac- 
companied by  a  few  men,  in  the  winter  of  1885-'86.  They 
worked  during  the  intense  cold  of  a  winter  in  northern  Minne- 
sota, with  poor  and  insufficient  tools,  and  opened  several  test 
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ind  th«  extent  of  the  ore  deposit.  Id  the  season 
ir,  none  of  these  could  as  yet  be  strictly  called 

had  been  shipped  from  them  although  some 
had  been  taken  away  for  assay.  The  vorkin|[8 
:ploratory  pite  and  trenches.  Harvey's  pits 
t  Id  number  sank  to  the  bed  rock  through  six  to 

in  some  places  revealing  a  jasper-hematite  rock 
ug.  At  bat  one  point  could  the  dip  and  strike 
K>  the  filling  of  the  pits  by  follen  earth,   or  by 

point  the  dip  was  60  degrees  toward  the  south, 
and  the  strike  was  north,  40  degrees  east, 
at  important  workings  was  found  in  the  S.E.  i  S.E. 
63-12,  whore  some  trenches  had  been  dug  by 
ley  are  from  two  to  fonr  feet  deep,  and  in  some 
a  to  hare  met  with  the  bed  rock  but  for  the  most 
at  yet  through  the  surface  drift.  These  surface 
n  not  only  some  first-class  hard  hematite  ore,  but 
ted  by  and  intermiiced  with  mnchsofl  hematite, 
leir  finer  parts  very  much  the  aspect  of  the  "soft 
the  Gogebic  rcmge  at  Irouwood,  indicating  the 
of  considerable  deposits  of  iron  ore,  though  not 
y  of  these  trenches.* 

and  blasting  had  been  done  in  some  jaspilyte 
1  30,  63-11,  near  the  north  side  of  the  section,  but 
ork  had  been  prosecuted. 

,  no  working  for  iron  was  encountered  at  any 
wer. 

1886  a  great  many  explorers  visited  the  region 
the  strike  of  the  iron  ore  was  thought  to  extend, 
ioual  discoveries  were  made,  beyond  what  was 
me  of  this  season's  work.  At  several  places  land 
I  by  "homesteaders"  on  which,  with  a  scanty 
cessful  farming,  were  much  better  prospects  of 
jg.  These  frontier  scouts  are  very  persevering 
they  run  over  the  whole  country  far  in  advance 
ic  surveying,  and  of  all  organized  attempts  at  ex- 
ty  are  the  ai'ant  courears  of  settlement.  They 
'hey  rarely  reap  adequate  financial  returns  from 
'S.  If  they  sell  out  to  good  advantage  the  pro- 
ally  squandered  in  dissipation.  They  are  then 
er  similar  campaign. 
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Termt  defimd.  In  the  notes  and  descriptions  which  follov, 
some  common  geological  terms  are  frequently  employed.  Tet, 
though  so  common,  and  perhaps  because  socommon,  they  are  apt 
to  be  misnnderstood,  and  dififerently  applied,  unless,  at  the  out- 
set, there  be  a  definite  understanding  and  limitation  of  their  in- 
tended significance.  It  is  to  obviate  this  difficulty  that  the  fol- 
lowing definitions  are  given. 

Bedding  structure,  is  that  banding  of  different  colors  or  shades 
of  color,  due  to  weathering  usually,  which  is  brought  out  on  the 
surface  of  the  sedimentary  rocks  when  they  are  tilted  so  as  to 
expose  the  edges  of  the  bedding.  For  this  term  the  words  sedi- 
mentary structure  are  used  in  some  cases. 

SchiMose  gtrudure  may  run  at  any  angle  with,  or  coiucident 
with,  the  bedding  structure.  It  is  an  imperfect  cleavage  that  is 
developed  in  massive  rocks,  whether  sedimentary  or  eruptive, 
which  on  weathering  brings  to  view  a  finely  jf^ged  outline  at 
the  broken  or  eroded  ends  or  edges  of  rock  beds,  but  not  making 
a  real  slatiness.  Such  rock  masses  appear  often  quite  homogene- 
ous or  massive  until  weathered.  It  is  due  to  an  elongation  of  the 
grain  and  fibre  of  the  interior  of  the  rock  in  a  uniform  direc- 
tion. This  structure  passes  into  the  next.  It  is  most  perfectly 
developed  in  old  eruptive  rocks,  while  the  next  is  most  perfectly 
exhibited  in  seditaeutary  rocks. 

Slaty  cleavage  is  the  extreme  development  of  the  schistose 
structure  in  sedimentary  rocks  such  as  the  graywackes  and  ar- 
gillytes.  It  may  crc«s  the  sedimentary  banding  at  all  angles,  or 
it  may  coincide  in  dir^ion  with  it.  It  produces  cleavable 
slates,  and  it  hastens  the  destruction  of  many  rock-hlufife  that 
can  not  be  cleaved  into  slates,  because  It  opens  to  the  weather  in- 
numerable seams,  where  moisture  enters.  This  structure  shonld 
not  be  confounded  with  a  slatiness  that  is  due  to  the  separation 
into  slates  of  an  argillltic,  or  other  rock,  along  the  natural  sedi- 
mentary planes.'  This  structure  is  supposed  to  be  produced  by 
great  pressure  exerted  perpendicularly  to  the  cleavage  plaiies. 

Foliaiioni&&  term  used  to  express  the  semi  luminated  structure 
of  gneiss.  It  is  applicable  to> crystalline  rocksooly.  It  impUes  a 
rearrangement  of  tJie  elements  of  the  rock  so  as  to  cause  a  leaved 
or  sheeted  alternation  of  their  beds  of  different  minerals,  though 
each  bed  generally  shades  imperceptibly  into  those  on  each  side 
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could  be  entirely  replaced.  The  argillaceons  bands,  now  form- 
ing jasper  of  reddi^  and  brown  colors,  are  intermediate  ia  this 
graded  transformation.  The  floe  banding  supposed  to  be  dne  to 
sedimentation  is  visible  on  several  of  the  Bamples.     No.  867. 

3d.  The  great  thickness  of  the  ridge  (at  least  200  feetj,  show- 
ing the  banda  standing  nearly  vertic^,  if  of  igneous  origin  and 
hence  nuiformly  flnidat  at  the  time  it  reached  the  surface,  would 
seem  to  require  that  a  great  fissure  was  opened  and  allowed  a 
great  discharge  of  dnid  matter,  such  that  the  flnidal  structure 
would  not  be  found  always  standing  in  the  same  position  and  co- 
incident in  direction  with  the  sedimentary  structure  of  the  coun- 
try rock.  It  should  be  found  flowing  unconformably  over  tjie 
other  rocks.  * 

There  are  nodules,  embraced  within  the  jaspilyte,  varying 
firom  two  to  three  feet  across,  accompanying  patches  of  greatly 
contorted  bedding,  that  seem  to  show  a  fusion  of  this  rock.  The 
resulting  crystalline  rock  is  represented  by  No.  866  A.  Similar 
locally  i^ised  patches  are  visible  in  some  places  in  the  graywacke 
beds,  as  will  be  noted  at  points  on  the  south  shore  of  Vermilion 
lake.  This  fusion  was  dne  perhaps  to  pressure  and  mechanical 
firictiou. 

This  ridge  shows  a  great  deal  of  fracturing,  jointing,  re-ce- 
menting, Uniting  and  twisting  of  aU  the  visible  structure,  par- 
ticularly of  the  sedimentary  stmcture. 

The  cementing  material  in  some  cases  is  quartz,  of  which  one 
vein  over  a  foot  in  thickness  is  seen  at  the  west  end  of  the  ridge. 
In  other  cases  the  cement  is  hematite,  and  this  is  visible  iusomeof 
the  small  ianlt  planes. 

At  a  point  about  100  feet  above  the  lake,  at  the  west  end  of 
the  ridge,  bat  on  the  southern  side,  the  jaspilyte  shows  a  gradu- 
ation, across  the  bedding  structure,  into  other  rock  like  that 
of  the  country.  (No.  866  B.)  This  is  a  gray,  fine  quartzyte, 
and  is  in  contact  with  jasper  and  hematite,  though  these  are 
not  so  characteristically  developed  as  iu  the  ridge  proper. 

Toward  the  east  the  direction  of  the  jaspilyte  banding  changes, 
and  runs  about  12°  N.  of  E.  There  is  a  sudden  downward  jog 
in  the  line  of  the  crest  of  the  ridge,  bnt  as  a  continuous  ridge  of 
less  hight  it  extends  as  &r  as  the  Lee  mine  east  of  Tower. 
Throughout  the  rest  of  its  coarse,  however,  nearly  to  Tower,  and 
north  from  Tower,  it  exhibits  a  different  geology.  The  jaspilyte 
is  interrupted,  bnt  occurs  as  isolated  masses  to  a  point  nearly 
north  from  Tower.  It  is  embraced  in  a  green  schist,  which  is 
the  same  as  that  seen  at  the  mines,  especially  at  the  Lee  mine. 
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There  is  a  precipitous  deeoent  from  the  main  ridge  down  to 
the  level  of  rock  No.  868,  which  is  a  subcrystalline  rock  having 
the  appearance  of  being  igneous.  This  rock  occapies  an  inter- 
val of  perhaps  sixty  feet.  It  is  brownish-red,  contains  qoartz 
(sub-rounded),  feldspar,  and  chlorite.  The  strnctnre  is  massive, 
or  basaltiform,  and  it  weathers  away  faster  than  the  rock  on 
either  side  of  it.  Its  contact  with  the  other  rock  can  not  be  found 
easily. 

Ou  the  soatheast  side  of  this  appear  many  irregular  masses  of 
jaspilyte.  Indeed  there  is  so  much  of  this  rock,  though  broken 
and  recemented,  that  it  appears  to  be  a  recurrence  in  sttu  of  the 
formation  of  the  main  hill.  Those  parts  nearest  the  rock  868 
are  a  real  conglomerate,  very  coarse.  This,  however,  is  mnch 
less  red  and  hematitic  than  in  the  large  ridge,  the  qnartzyte  be- 
ing white  and  black,  in  narrow  bands,  both  sometimes  showing 
a  red  color.  The  appearance  of  this  conglomerate  is  that  it  dips 
under  the  rock  No.  868,  and  lies  on  and  in  rock  No,  869,  which 
is  a  light  greenish,  soft  schist  having  a  strong  and  persistent 
schistosity  that  rnns  abont  east  and  west.  This  schist  extends 
to  the  first  hills  north  of  Tower,  and  occnpies  a  belt  at  least  80 
rods  wide,  becoming  invisible  by  reason  of  the  drift. 

In  the  line  of  strike  of  this  schist  belt,  somewhat  toward  the 
east  from  the  east  end  of  the  main  ridge,  is  an  outcrop  of  argil- 
lyte,  which  appears  to  be  an  incidental  phase  of  the  schist,  as  it 
seems  to  Call,  in  stratigrapbio  order,  into  that  interval  which, 
further  east,  is  wholly  occupied  by  the  foregoing  schistose  rock. 
In  this  argillyte  is  a  perfectly  plain  sedimentary  stmctare,  vary- 
ing in  its  dip  from  76°  N.  to  i>erpendicular.  The  slatiaees  coin- 
cides with  the  sedimentary  structure.  The  clay  slate  can  beseen, 
on  the  north  side  of  the  exposure,  to  graduate  into  a  sericitic 
schist.  The  width  of  the  clay -slate  belt,  paced  north  and  south, 
is  sixty-three  feet. 

At  a  point  due  north  from  the  clay  slate  there  are  two  belts, 
or  exposures  of  the  rock  868,  one  being  north  and  the  other 
south  of  the  brecciated  and  conglomeritic  belt  of  the  Jaspilyte, 
but  both  of  them  in  the  subordinate  lower  ridge.  The  southern 
belt  makes  a  precipitous  and  bold  bluff  just  north  of  the  da; 
slates,  rising  forty  feet  nearly  perpendicular. 

This  rock  (868)  has  in  the  main  everywhere  the  same 
general  emptive  facies,  and  it  graduates  into  the  green 
schist  that  embraces  the  angular  transported  masses  of  jas- 
pilyte seen  in  the  second,  or  subordinate,  ridge.      It  Is  much 
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ccuniulation  of  coarse  drift  which  everywhere 
iriyside  of  these  ridges  Id  conalderable  abuo- 
jy  lenticular  masses  of  white  quartz,  aod  these 
mes  as  to  appear  like  veins.  It  is  not  conspic- 
■ly  basaltic,  but  has  irregular  fissaresandjoiDts 
It  is  massive,  firm  and  grauular.  It  is  only 
ly  any  gueiseic  or  schistose  structure,  yet  there 
■  some  of  tha  quartz  veins,  and  along  some 
,  a  scfaistosity  that  has  the  direction  of  the 
itose  structure  of  the  rest  of  the  associated 
ered  surfaces  it  shows  a  roughly  granular 
tions  being  of  feldspar  mainly,  but  sometimes 
ther,  there  are  seen,  scantily,  impressions  of 
forms  on  the  weathered  sarface.  and  sometimes 
till  embraced  in  the  rock.  Illustrations  of 
868  to  868  D. 

igure  (26)  is  a  sketch  map  of  the  place  where  the 
rere  made,  and  will  give  an  idea  ofthegeo- 
of  the  various  rocks,  and  of  some  others  noted 
oes  the  western  half  of  the  south  ridge: 


west  end  of  the  subordinate  ridge,  west  of  the 
cribed,  the  rock  is  bare,  and  crumbles,  causing 
ibri.s,  consisting  of  jaspilyte  and  disint^ratii^ 
tone  (No.  917).  The  crumbling  down  is  like  a 
vhat  rusty,  but  yet  a  good  part  of  it  consists  of 
howing  the  contorted  bands  peculiar  to  it. 
m  the  "south  ridge,"  were  made  numerous 
le  structure  and  relations  of  the  various  rocks 
nposed,  some  of  which  have  been  given  in  dis- 
res  of  Minnesota  in  a  former  chapter.    Nnmer- 
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OQB  sketches  were  made  here,  and  several  photograplis,  which 
Till  have  to  be  refierred  for  Bomo  fatore  report. 

One  interesting  foct,  however,  should  be  mentioned.  Not  far 
northwest  from  Tower  is  a  conglomerate  which  has  the  matrix  of 
the  jaspery  conglomerate  in  which  are  embraced  the  nnmerouB 
large  masses  of  jaspilyte,  bat  containing  also  qnartzyte,  both 
white  and  gray,  and  black  siliceons  slaty  jaspilyte.  Among 
these  are  also  a  few  pieces  of  rock  that  resembles  graywanke,  or 
porodyte.  The  matrix  is  a  coarse,  bnt  rather  soft  greenish 
schist,  apparently  passing  into  porodyte  (No.  908).  There  is 
a  rnde  stmcture  whi<^  has  a  resemblance  to  that  dne  to  sedi- 
mentation, which  is  about  vertical,  and  strikes  20  degrees  south 
of  eesb.  This  conglomerate  differs  from  that  seen  at  Stnntz 
island  in  having  a  greater  namber  of  jaspilyte  bonldera,  and  a 
smaller  number  of  poroditic  porphyroid  pebbles. 

At  a  point  on  the  "sonth  ridge"  nearly  north  from  Tower  a 
dark  slaty  qnartzyte,  or  "black  slate,"  stands  conspicuously 
out  to  view,  forming  a  crag  which  overlooks  the  valley  toward 
the  sonth.  This  slate  is  bedded  by  sedimentation  and  stands 
about  vertical,  or  dips  slightly  to  the  sonth.  It  is  one  of  the 
conditions  of  the  jaspilyte,  and  is  similar  to  the  slates  seen  in  the 
group  further  east  that  have  been  called  the  Animikie  tlate»  and 
quartzyteg.  It  is  the  same  rock  as  some  of  the  pieces  included  in 
the  conglomerate  last  mentioned.  It  is  situated  sonth  from  the 
strike  of  some  of  the  belts  ofschist  that  are  supposed  to  have  been 
unconformably  deposited  on  it,  bnt  to  the  north  of  others.  It  is 
farther  north  than  the  ontcrop  of  the  mixed  conglomerate  last 
described,  and  it  may  be  supposed  to  have  given  origin  to  the 
rock  fragments  of  this  kind  seen  in  that  conglomerate.  The  line 
of  contact  between  this  black  slate  hnd  the  green  unconformable 
schist  is  seen  to  show  an  abrupt  transition,  and  is  traceable  for 
some  rods  to  the  east  of  the  slaty  crag,  the  green  schist  being 
hardened  and  ferruginated.  A  little  further  north  is  a  belt  of 
jasper  masses  included  in  the  green  schist.  The  sitaation  seems 
to  indicate  that  the  black  slate  and  jaspilyte  are  parts  of  the 
same  general  formation,  and  that  being  firmer  than  the  inter- 
vening strata,  they  project  higher  above  the  general  snrfoce. 
When  the  molten  overflow,  represented  now  by  the  uncon- 
formable green  chloritic  schists,  bnried  them  in  its  progress,  it 
carried  along  fragments  of  each  a  short  distance  toward  the 
sonth.  This  eruptive  rock  must  have  been  several  hundred  feet 
in  thickness,  since  these  points  are  now  on  some  of  the  elevated 
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eonotry,  and  its  diBintegration  and  removal  most 
d  not  only  a  great  mafie  of  rock  bnt  a  great  interval 
points  fiirther  east,  however,  the  apparent  continu- 
I  igoeoas  rock,  is  more  evidently  of  emptive  origin 
greater  volume. 

lung  mine  the  involved  schist  is  sometimes  nearly 
as  a  curving,  fine  basaltic  or  columnar  stntctare, 
■sided,  the  columns  being  but  two  or  three  inches  in 
n  some  places  it  is  highly  permeated  with  hematite, 
!  called  a  soft  ore.  At  short  distances  it  varies  to  a 
nish,  more  typical  form,  like  that  already  mentioned 
md  of  the  south  ridge,  embracing  large  detached 
Eirtzyte.  At  the  Breitnng  mine  it  runs  deep  along- 
at  least  as  far  as  the  mine  has  penetrated.  It  seems 
inction  between  the  supposed  Igoeous  non-conform- 
1  schist,  and  that  which  is  ioterbedded  with  the  ore, 
alternations  with  it  in  beds  of  various  thickness,  is 
;  in  some  places  to  make  out.  It  is  yet  necessary  to 
lat  mineralogical,  or  what  physical  characters  may 
',  of  one  or  the  other.  Sufficient  time  has  not  been 
this  determination,  since  these  notes  were  made. 
884. 

Totcer.  Messrs.  Jones  and  Grant  made  a  trip  into 
and  Mr.  Jones  gave  the  following  report: 
886.  At  a  distance  of  J  or  }  mile  from  Tower  we 
B  of  low,  irregular  and  rocky  hills  with  a  trend  near- 
'eet.  Alter  traveling  a  little  further  to  the  south, 
reached  about  the  highest  portion  of  the  ridge,  this 
jrobably  from  40  to  50  feet,  we  tamed  eastward, 
northward.  At 'this  point  the  rock  appeared  to 
it  massive  graywacke,  showingbnt  little  of  the  quite 
stose  structure  except  on  much-weathered  surfaces; 
jsed  to  the  eastward  the  rock  seemed  to  graduate 
chistose  form,  having  a  sericitic  aspect.  At  a  point 
5,  about  i  mile  from  the  S.  E.  corner  of  the  section, 
y,  we  found  a  cut  made  by  the  Dnluth  &  Iron 
»d  throagh  one  of  these  hills.  The  cut  -was  aboat 
deep  and  a  hundred  and  ten  feet  long.  At  the 
[  of  the  cut  the  rock  has  a  sericitic  aspect,  of  which 
specimen,  while  at  the  southern  end  of  the  cut  the 
e  the  appearance  of  a  graywacke.  The  dip  we  found 
eea  north.  Of  this,  rock  886  is  a  sample.  The  strike 
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is  easb,  10  degrees  north.  The  rock,  as  a  wbole,  containe  a.con- 
siderable  amount  of  pyrite  and  much  qnarbz  in  irregalar 
veins.  For  abont  half  a  mile,  following  the  ridge  toward  the 
east,  the  same  rock  appears,  with  very  Blight  exceptions;  aad  fol- 
lowing the  railroad  toward  the  sonth  nnmerous  similar  ontorops 
occnr  for  aboat  half  a  mile.  Then  comes  a  considerable  amoant 
of  drift;  and  along  the  track  in  the  S.  W.  i  of  the  S.  £.  i  of  sec. 
8,  there  is  a  cut  1,200  feet  long  and  12-14  feet  deep,  throngh  a 
bed  of  gravel  and  sand;  and  in  the  S.  E.  1  of  sec.  8  there  occnrs 
a  cnt  18  feet  deep  and  500  feet  long.  Of  this  cnt  aboot  12  feet 
was  of  rock  and  6  feet  of  drift.  This  rock  was  of  similar  nature 
to  that  of  the  former  cat,  except  being  at  times  more  massive, 
and  jointed  like  a  basaltic  rock,  and  at  times  also  more  slaty. 
The  dip  here  we  found  to  be  about  46°  toward  the  north,  with  a 
variable  strike.     Specimens  887  and  888  are  from  this  cat. 

"The  hills  for  half  a  mile  east,  at  least,  are  of  similar  nature; 
and  numerous  outcrops  from  this  point  to,  say  one-third  mile 
Bocth,  in  N.  E.  1  of  sec.  17  are  of  the  same.  In  fact  rocks  of 
no  other  kind  than  a  schistose,  or  massive,  or  a  slaty  graywacke, 
approaching  attimes  a  sericitic  schist,  were  seen." 

Mr.  Stacy  visited  the  low  hills  southeast  of  Tower,  on  S.  E.  i 
sec.  33,  just  across  the  river,  and  fonnd  a  eacceeslon  of  ranges 
rnnning  S.  9.  W.,  and  notin  parallelism withthejaspilyte  range 
at  the  mines,  terminating  in  spur-like  projections  near  the  rail- 
road. He  examined  two  of  these  and  found  they  consisted  of 
graywacke  and  argiUyte,  but  with  a  much  broken  aod  confused 
interstratification,  the  two  rooks  being  in  a  coarse  breccia  and 
sometimefi  changed  to  a  poroditic  rock,  like  No.  1  (H),  which 
cats  obliquely  and  directly  across  the  other  beds,  acting  like 
an  igenons  rock.  In  this  porodyte,  which  spreads  irregularly, 
are  some  pebbles  of  graywacke,  and  some  other  syenite-appear- 
ii^  rooks.  At  another  point  he  found  greenstone  dikes  cutting 
the  graywacke,  varying  from  18  inches  to  two  or  three  feet,  and 
widening  oat  abruptly  to  eight  feet  across. 

Sample  913  Tepreaente  the  rock  Been  in  the  foUowing  Fir.  27  aa  sketched  by 
Mr.  StHcy. 

Sample  914  representB  the  n>ck  Been  in  Fig,  38,  Bketehed  by  Hr.  Stacy. 
'        Sample  915  repreMnte  the  rock  seen  iu  Fi^  29  and  30. 

In  Fig.  27  the  schistoBe  Btmctnre  runs  approximately  eaut  and  west^  The 
pftywBcke  contoinB  frogmento  and  crumpled  and  broken  beds  of  orgillyte, 
milking  a  continnouB  mesh  or  brece in. 

Pig.  27  reprMcnte  a  blaff  of  graywacke  rising  abont  80  feet  high,  having 
the  same  fndiBtinct  BcbiBtose  stnictare.    It  iR  intereected  by  inegular  and 
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The  geology  of  the  ''■north  ridge"  is  involved  in  the  foregoing 
chapter  relating  to  the  iron  ores  of  MiDnenotn.  But  few  addition- 
al facta  need  l>e  given.  The  ridge  rises,  se  nieasnred  by  aneroid 
barometer,  240  Jeet  above  Vermilion  lake.  The  lake  itself  is 
liSA?  feet  above  average  tide  level.  The  ridge  rises  therefore 
nearly  1, GOO  feet  above  the  sea.  The  principal  iron  deposit  is 
situated  near  the  central  axis  of  the  ridge  and  forms  bare  glaci- 
ated sni-faces  on  the  very  highest  portion.  There  is  considerable 
drift  on  the  southern  slope,  and  the  rock  is  hid  so  that  no  section 
continuous  from  the  oie  southward  can  be  made  ont.  On  the 
north  slope,  while  the  rock  is  more  frequently  left  uncovered, 
still  there  is  no  continued  section.  On  tlie  north  side,  at  lower 
levels  than  the  outcrops  on  the  top  of  the  ridge,  the  same  kind  of 
ore  is  seen  in  several  places,  fonniug  cokispicnoua  outcrops, 
beautifully  banded,  but  running  in  diverse  and  unexpected 
directions,  some  of  the  exposed  masses  being  large  enough  to  in- 
dicate some  value  an  merchantable  ore.  There  are  also  large 
areas  of  conglomerate  on  the  noith  slope,  similar  to  that  seen 
on  Stnntz  island. 

At  the  west  end  this  ridge  is  deflected  noi-thwestward,  and,  af- 
ter a  lowei:  interval,  reappears  as  an  important  ridge  crossing  the 
north  side  of  sec.  28,  and  entering  sec.  29,  rising  nt  this  place, 
however,  only  about  150  feet  above  lake  Vermilion.  It  here  con- 
sists largely  of  jasper  and  quartzyte,  andisassociated  with  much 
graywacke  and  argillyte.  The  rock  here  almost  uniformly  dips 
from  80  to  85  degrees  toward  the  north,  but  in  some  places,  es- 
pecially when  it  seems  to  show  a  connection  with  tbCmain  "north 
ridge"  it  exhibits  a  swinging  change  in  dip  through  the  west  to 
the  south,  for  a  space  of  a  few  rods.  But  this  is  local.  Home 
greenish,  soft  schist,  like  that  seen  in  the  south  ridge  noitli  of 
Tower,  and  like  some  seen  at  the  Breitung  mine,  appears  io 
patches  in  the  jasper  and  quartzyte,  having  a  concordant  strnc- 
tnre  resembling  a  dip  and  strike.  Buttbls  is  the  structure  that 
is  superimposed  on  the  unconformable  green  schists  of  theregion. 
North  of  this  part  of  the  north  ridge  are  two  recurrences  of  por. 
odyte  in  alternation  with  patches  of  graywacke  and  one  of 
clay  slate  or  wackinitic  slate,  running  in  the  same  east  and  west 
direction.  An  immense  boulder  of  the  Stuntz  island  conglomer- 
ate lies  on  this  part  of  the  ridge,  about  on  the  N".  E.  1  of  the  N, 
W.  i  of  sec  28.  This  is  15  feet  high  and  24  feet  long,  and  about 
18  feet  wide,  lying  directly  on  the  edges  of  the  quartzyte,  and 
worthy  of  being  photographed. 
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Bock  2fo.  918  iafrom  n  large  boulder  near  the  Breitung  mine. 
Several  such  were  seen  about  Tower,  and  must  have  been  some- 
where in  place  not  for  to  the  DOrth.  The  interesting  point  here 
is  the  change  taking  place  in  the  hoi-Dblende  crystals,  viz.,  ap- 
parently a  decay  at  the  centre  first,  changing  the  mineral  to 
chlorite  (T),  while  amere  shell  of  pure  hornblende  remains.  The 
rock  appeal  to  be  a  coarse  quartz  dioryte. 

THE  8H0BES  OF   VEBUlLlOX  LAKE. 

Considerable  time  was  given  to  a* detailed  inspection  of  the 
shores  and  islands  of  Vermilion  lake,  and  some  of  the  notes  that 
follow  were  made  by  Mr.  H.  V.  Wincbell.  His  examinations 
embraced  Ely  island,  the  north  side  of  8ncker  point  and  north- 
westerly to  and  beyond  Shoaea  island;  and  he  assisted  in  nearly 
all  other  parts  of  the  lake.  Mr.  Frank  Stacy  made  some  inde- 
pendent notes  in  the  extreme  western  part  of  the  lake,  and  in 
the  northeastern.  Some  places  were  examined  two  or  three 
times  and  by  two  or  three  different  observers,  often  in  company, 
in  order  that  there  might  be  a  consistent  and  uniform  under- 
standing by  all  members  of  the  survey,  of  the  phenomena  de- 
scribed by  them,  and  the  terms  employed. 

The  description  will  begin  with  the  place  where  the  central 
camp  of  the  survey  was  located,  and  will  t>e  continued  toward 
the  west  and  northwrat  roand  the  lake  to  the  starting  point, 
though  the  order  of  examination  was  not  in  this  direction,  nor 
in  any  uniform  course.  The  specimens  were  numbered  serially 
as  collected,  and  follow  the  ordbr  of  examination  chronologic- 
ally. Those  collected  by  H.  V.  Winchell  are  numbered  inde- 
pendently, and  are  distinguished  from  other  series  by  having 
the  letter  H  in  parenthetical  lines  following  the  arabic  numerals. 

Hoodoo  point.  This  point  is  in  the]southern  half  of  sec.  .30, 
62-15.  The  main  camp  wiis  on  the  south  shore,  on  the  S.  E.  i 
of  sec.  30.  The  land  is  low,  and  was  originally  swampy,  but  the 
trees  have  been  ^burnt  off,  and  the  surface  is  found  to  recede 
gently  from  the  lake  shore  eastward,  leaving  a  part  which  isdry 
throughout  the  year,  facing  the  lake  toward  the  west  and  sonth- 
west.  It  has  a  good  clay  soil  and  subsoil,  bat  it  is  surrounded 
on  the  east  by  a  swamp  which  is  nearly  impassable,  separating 
it  from  the  rocky  ridge,  about  a  mile  distant,  which  rises  be- 
tween it  and  Tower.  The  clay,  which  rises  about  five  feet  above 
the  lake  at  time  of  average  water,  is  fine,  gray  and  stoneless, 
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evidently  deposited  by  the  lake  at  some  earliet-  time  wtaea  it 
stood  perniaQently  higher  than  now.  Owing  to  the  prevalence 
of  a  gray  till  along  the  southwest  side  of  Vermilion  lake,  govern- 
ing the  geaeral  contour  of  the  land  and  the  location  of  the  pres- 
ent lake  shore,  it  is  prob^ible  that  this  clay  is  closely  allied  to 
that,  though  not  stony,  and  derived  from  the  gentle  assorting 
action  of  the  lake  on  the  till  at  some  stage  in  its  his^ry.  Tests 
have  not  yet  been  made  to  ascertain  whether  this  till,  and  hence 
this  fine  clay  is  of  the  western  alkaline  class,  suitable  for  the 
manafacture  of  light  colored  brick,  or  is  derived  frooi  the  dis- 
ruption and  comminntion  oTthe  crystalline  rocks  of  the  region, 
and  thus  suitable  to  make  red  brick,  but  geographic  consider- 
ations rather  favor  the  former.  This  clay  must  underlie  all  the 
sonthweBtern  shores  of  Vermilion  lake  where  they  are  no 
higher  than  this,  unlet»  the  stony  till  has  preoccupied  them.  A 
sample  is  obtained  for  comparison  with  other  similar  clays  in 
the  state. 

The  bay  between  Hoodoo  point  and  Hoodoo  river  is  lined  by  a 
sandy  beach,  but  near  the  base  of  the  point  is  a  low  oatcrop  of 
graywacke  and  poroditie  gi-aywacke.  There  is  another  similar 
outcrop,  nearly  covered  by  boulders,  at  the  picnic  point  at  the 
mouth  of  East  Two  rivers.* 

Beef  bay.  The  point  at  the  east  side  of  sec  36,  62-16,  is 
one  of  boulders,  but  a  little  further  west  is  a  bold  exposure  of 
firm,  fine-grained  schistose  schist,  evidently  siliceous  but  with- 
out evident  fi"ee  quartz,  apparently  a  changed  felsyte,  or  a  poro- 
dyte  in  which  the  schistosity  has  been  developed.  The  fibre  runs 
10°  S.  of  W.  and  is  perpendiculsr. 

Boalders  and  drifi  materials  hide  the  rock  along  the  shore 
to  the  centre  of  the  X.  E.  \  of  sec.  3,  61-16,  where  a  small  point 
that  projects  northward  exposes  a  low  glaciated  surface  of  bard 
schistose  graywacke  which  is  represented  by  No.  864.  Abont  & 
square  rod  of  rock  surface  is  visible.  The  schistose  structure 
runs  E.  and  W.,  and  is  not  distinctly  separable  from  the  bedding 
structure.     The  rock  is  purplish-black. 

The  rock  here  is  brecciated,  and  recemented  by  a  poroditie 
rock  (finely  porphyritic)  resembling  No.  2  (H),  but  of  a  darker 
color,  approaching  the  color  of  the  rock  of  the  breccia.  In  the 
midst  of  this  cementing  rock  are  pebbles,  or  fragments,  of  slate 
resembling  the  breccia,  but  the  pebbles  are  elongated   in  the 
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direction  of  the  schistose  stracture,  and  ar«  pdrphyritie  faintly 
-with  white  crystals  of  a  feldspar  like  those  ia  the  cementing 
rock. 

On  the  S.  E.  i  of  the  N.  E.  i  of  sec.  3,  61-16,  about  forty-five 
feet  above  the  lake,  at  tbe^ite  of  the  old  town  of  Winston,  the 
cementing  rock  last  mentioned  rises  in  a  bare  smooth  dome.  It 
is  herft  massive,  weathering  whitish,  showing  no  visible  sedi- 
mentary structure,  nor  evident  schistose  strncture  —  though 
there  is  in  some  places  an  apparent  short,  coarse  striation  that 
runs  about  E.  and  W.  It  is  cut  by  numerous  joints,  some  of 
them  such  that  if  the  rock  were  to  be  disintegrated,  it  is  likely 
that  a  so-called  basaltic  structure  would  become  apparent,  simi- 
lar to  that  in  the  trap  rock  at  Taylor's  Falls.  There  is  no  uni- 
formity iu  the  direction  of  any  system  of  this  jointage,  but, 
taken  altogether,  there  is  a  prevailing  distinctness  in  those  lines 
that  vary  from  N.  10°  E,  to  N.  10°  W.  This  rock  contains 
abundance  of  free  quartz  in  small  grains,  but  not  so  large  as  in 
No.  1  (H),  Some  of  the  feldspar  grains  are  angular,  bnt  very 
fine.  This  rock  might  be  styled  graywacke,  but  there  is  no  trace 
of  any  odginal  bedding,  which  is  the  usual  accompaniment  of 
graywacke.  The  color  within  is  greenish-gray.  There  is  a  close 
alliance  in  all  features  that  are  outwardly  distiugnisbable,  be- 
tween this  rock  and  the  felsttic  conglomerate  seen  in  Stuutz 
island. 

At  the  mouth  of  Pike  river,  which  enters  at  the  extremity  of 
Jones  bay,  iu  the  western  part  of  sec.  3,  T.  61-16,  on  the  right 
bank,  at  twenty  feet  above  the  water,  the  outcropping  rock  shows 
a  sedimentary  structure  running  about  E.  and  W.,  coincident 
with  an  imperf^t  schistose  structure,  the  dip  being  S.  80°  from 
the  horizon.  This  is  nearly  a  typical  graywacke,  but  it  em- 
braces beds  (hat  are  more  massive,  with  fine  disseminated  quartz, 
and  resembling  some  of  the  felsytes.  This  dip  does  not  prevail 
far  but  is  replaced  by  structures  running  in  various  directions, 
and  separated  by  faults.  In  one  place  a  coarse  granitoid  rock, 
like  No.  1  (H),  constituting  a  bald,  prominent  elevation,  occurs 
suddenly  as  if  eruptive.  The  relations  are  obscured  by  the 
prevalent  drift. 

At  the  fiills  of  Pike  river  the  rock  shows  plainly,  and  nearly 
everywhere,  a  bedded  sedimentary  structure,  crossed  by  faults 
that  cause  jc^  of  a  few  inches,  or  even  a  foot.  The  following 
sketch  was  made  here  iu  1878: 
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Pig.  31. — Shoeing  a  fault  in  the  graytcacJce  at  tkefaUs  of  Pike  river. 

What  issigDificantandimportaDt  here  is  the  ioterstratifica- 
tiOD  of  rock  mach  like  the  massive  graywacke  seen  at  the  old 
site  at  WlnstoD,  containing  fine  grains  of  qnartz,  in  layers  re- 
peated many  times,  from  one  inch  to  four  inches  in  thickness, 
Titb  the  darker,  slaty  graywacke.  Some  of  these  bluish-gray 
layers,  which  weather  lighter  colored  than  any  of  the  rest,  are 
evidently  qaartzytee  with  but  little  feldspathic  matter,  butsome 
are  qaartz-fel&yt«s  or  porodytes,  and  are  like  some  of  the  beds 
that  show  in  some  places,  many  evidences  of  being  of  igneous 
origin.  This  bedding  runs  10°  N.  of  E.  and  dips  80°  south,  10°  E, 
There  are  some  veins  and  segregations  of  white  quartz,  some  Of 
the  latter  coincident  with  the  bedding. 

The  head  of  the  bay  is  marshy,  bat  there  are  low  hills  at  a 
short  distance  from  the  shore. 

On  the  point  near  the  S.  W.  1  of  sec.  34,  62-16,  is  a  gray 
qaartz}'t«,  represented  by  rock  865.  This  shows  a  very  evident 
sedimentary  banding.  It  has  a  slight  exposure  uu  the  north 
side  of  the  point,  and  while  standing  nearly  vertical,  tike  the 
graywacke  near  the  month  of  Pike  river,  yet  dips  N.  85°,  (25° 
E.)  from  the  horizon.  Toward  the  north  it  varies  to  agraywacke 
slate  with  concordant  stratification,  and  toward  the  south  it 
varies  to  a  porodyte.  the  latter  showing  the  same  evident  sedi- 
mentary structure. 

The  next  point  toward  the  east,  in  sec.  3i,  62-ltt,  nearly  north 
from  the  centre  of  the  E.  and  W.  line,  is  of  porodyte,  or  quartz- 
ose  gray wacke,  which  has  much  feldspathic  material.  This  is 
schistose  in  a  direction  coincident  with  a  doubtful  sedimentary 
strnctnre,  running  E.  20°  N.     The  dip  is  S.  85°— 90°,  20°  E. 

There  is  considerable  coarsely  schistose  rock  seen  at  some  Of 
the  points  in  the  S.  E.  1  of  sec.  34,  62-16.  This  weathers  light 
colored,  and  seems  to  be  of  the  nature  of  the  felMtic  rock  of 
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Stuntz  island,  although  such  rock  has  been  and  will  be  in  Aiture 
descriptions  provisionally  included  nnder  the  term  sericitic 
schist. 

The  southwest  end  of  the  large  island  in  sec.  35,  62-16,  shows 
a  schistose  poroditie  rock  i-ising  about  20  feet,  rudely  bedded  in 
coincidence  with  the  schistose  direction,  dipping  8.  20°  E,  about 
85°  from  the  horizon.  This  t>edding  is  perhaps  not  due  to  sedi- 
mentation, but  is  a  variation  in  the  composition  which  might  be 
called  more  correctly  foliation.  It  is  crossed  by  jointage  planes 
running  in  nearly  all  directions.  This  seems  to  be  thecontinna- 
tioQ  of  the  similar  rock  seen  at  the  old  town  site  of  Winston. 

The  coast  line  along  the  north  side  of  Beef  bay  is  composed  of 
drift  materials,  which  continneeasterly  tothe  point  near  Whisky 
Island,  in  the  N.  E.  i  sec.  36,  62  16.  This  point  contains  gray- 
wacke  rock  at  the  extremity,  but  Whisky  island  consists  of  ser- 
icitic schist,  on  the  north  and  west  sides,  and  the  rock  of  this 
island  is  hid  otherwise  by  drift. 

Sucker  point.  The  coast  line  again  consists  of  drift  along  the 
south  side  of  Sucker  point  throngb  sec.  25,  6216,  and  sec,  30, 
62-15;  but  round  the  shores  of  Sucker  point  in  sec.  19,  the  under- 
lying rock  frequently  appears,  consisting  of  graywacke  or  felsitic 
rock  that  is  intimately  associated  with  graywacke. 

On  the  south  side,  in  the  N.  W.  i  of  the  N.  W.  i  of  sec.  SO, 
62  15,  no  rock  except  boulders  can  be  seen.  In  the  N.  E.  i  of 
the  fr.  W.  i  of  the  same  section,  the  point  rlsts  up  to  45  feet 
high,  and  a  conglomeritic  felsyte  crops  out,  similar  to  that  seen 
on  Ely  Island.  It  is  qnite  hard,  being  but  little  weathered,  and  is 
fnll  of  pebbles,  some  being  of  graywacke,  and  some  like  the 
ground-mass  of  the  rock  itself.  The  schistose  structure  is  E. 
and  W.,  with  no  ascertainable  dip.  On  the  8.  W,  i  of  the  8.E. 
i  of  sec.  19  the  schistose  structure  runs  10°  8.  of  E.  A  small 
island  here  is  made  of  this  rock.  It  is  about  20  feet  across  and 
four  feet  high.  On  the  north  side  the  rock  appears  to  be  what 
could  be  styled  felsyte,  bnt  toward  the  south  it  seems  to  grow 
more  and  more  fine-grained  and  to  turn  into  graywacke  .within 
twenty  feet.  Both  have  here  the  same  schistose  structure,  and 
both  have  a  basaltic  structure.    This  is  Kego  or  Fish  island. 

Onthepoint,northe€istof  theisland(S.W.  iof  theS.E.  ^sec.l9), 
the  twokindsof  rock  grade  into  each  other  even  more  than  they  do 
on  the  island.  In  the  8.  E.  J  of  the  8.  E.  i  of  sec  19,  on  the 
point,  the  felsyte  and  graywacke  come  together  again.  There 
is  an   indistinct  line  between  tbem,  on  the  surface,  not  discern- 
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ible  when  broken  or  on  a  fresh  surface.  The  felsyte  contains 
pebbles  of  the  other,  aud  small  cubes  of  pyrites.  The  graywacke 
dips  south  (t)  aud  contains  large  cubes  of  pyrites.  A  common 
Hchistose  structme  pervades  both.  A  little  ftirther  on,  the  dip 
is  plainly  toward  the  north. 

The  point  in  the  north  half  of  the  S.  E.  i  of  see.  19  is  low,and 
almost  covered  with  bouldci'S,  specially  round  the  north  side, 
some  of  them  being  at  least  fifteen  feet  in  diameter. 

On  the  north  side  of  the  point,  in  the  8.  W.  1  of  sec.  19,  the 
rock  resembles  felsyte,  as  here  designated,  though  it  has  a  green- 
ish color,  frequently  weathering  nearly  white.  It  here  seems 
to  have  a  bedding  running  SO"  S.  of  £.,  while  the  schistose 
structure  is  B.  and  W.  This  is  the  first  place  seen  in  which 
a  bedded  structure  appears  in  a  rock  that  resembles  felsyte 
more  thnn  graywacke.  In  the  bay  8.  W.  i  of  sec.  19,  the  fel- 
syte turns  green,  and  resembles  No,  3(H). 

On  the  small  island,  north  of  the  point,  in  the  S.  E.  )  of  sec. 
23,  62-Ifi,  the  rock  is  a  sericitic  schist  or  dioryte.  It  is  greenish 
and  resembles  No.  2  (K.),  hut  is  finer  grained,  with  an  east  and 
west  schistose  structure,  merging  into  the  graywacke  on  the 
soath.  The  rock  shows  various  colors  from  green  to  brown  or 
red,  and  contains  some  qnai-tz  and  pyrites.  The  line  of  separa- 
tion of  these  two  rocks  is  hard  to  find.  The  bedding  of  the  gray- 
wacke is  somewhat  disturbed  and  broken  near  the  place  where 
the  two  come  together,  but  has  a  general  dii^cton  35°  8.  of  E. 
Fart  of  the  supposed  dioryte  seems  to  have  a  bedding  par- 
allel to  that  of  the  graywacke.  There  are  veins  of  quartz,  an 
inch  in  thickness,  and  larger  masses  ofjaspery  rock,  more  or 
less  changed,  contained  in  the  dioryte. 

Near  the  centre  of  sec.  26,  62-16,  is  a  low  exposure  of  black 
slate  containing  veins  of  quartz.  The  structure  in  some  places 
is  somewhat  distorted,  bnt  in  others  very  smooth' and  straight'. 
The  bedding  and  schistose  structure  run  S.  6°  E. 

In  the  S.  W.  i  of  the  N.  W.  }  sec.  26,  ia  a  large  mass  of  green- 
ish black  slate  or  slaty  schist,  with  a  scbistosity  running  10°  8. 
of  W.,  and  a  bedding  14°  S.  of  E.,  the  former  having  numerona 
siliceous  veins,  and  some  veins  of  pure  quartz,  running  parallel 
with  it.  At  this  place,  twenty  years  ago,  a  shall  was  put  in, and 
considerable  work  was  done,  the  depth  of  35  feet  having  been 
reached,  wholly  in  the  dark  slate.  Several  log  houses  were  put 
up,  but  the  place  has  all  heen  abandoned.  The  dip  of  this  rock 
is  slightly  toward  the  north.     On  the  surface,  near  the  lake,  the 
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rock  does  not  .appear  so  slaty,  but  is  more  like  a  fine-grained 
graywaokeaodhasTerydistiact  bedding.  The  north  side  of  each 
fitratum  has  the  schistose  strnctare  obscure,  biit  the  sediroenta- 
lion  very  plain.  The  strata  vary  front  six  inches  to  a  foot  or 
more  in  thickness.  The  shore  line  thence  through  sees, 
23,  22  and  16  consists  of  drift,  withont  rock  exposure,  rising 
from  ten  to  forty  feet  at  a  short  distance  inland. 

Birchptmi.  Xear  the  east  line  of  sec.  16,  62-16,  is  a  small  ex- 
posure of  slate  on  the  south  shore.  The  whole  of  this  point,  in- 
sec.  16,  is  probably  closely  underlain  by  rock,  but  it  is  hid  by 
drift. 

The  island  which  is  crossed  by  the  line  between  sees.  15  and 
16,  62-16;  is  mostly  composed  of  a  gray,  poroditic  or  sericitic 
schist.  It  is  hard,  tongb,  compact  and  almost  massive.  It  has 
pyrites,  more  or  less  disintegrated,  all  throngh  it,  giving  part  of 
it  a  greenish  look.  The  schistose  structure  is  obscnre,  but  seems 
to  trend  E.  and  W,  The  island  rises  about  twenty-five  feet. 
Rock  No.  4  (H). 

This  point,  Ibrther  east,  rises  from  30  to  50  feet  above  the  lake, 
but  consists  of  drift.  Only  boulders  are  seen  on  the  beach, 
tbronghout  sees.  15,  11,  and  to  tbe  S.  W.  J  of  sec,  10.  The 
island  off  the  point,  near  the  centre  of  sec.  11,  has  an  underlying 
rock -structure  of  sericitic  schist. 

The  island  north  of  Birch  point,  in  tbe  S.  W.  ^  of  sec  10, 
shows  an  outcrop  of  sericitic  slate  running  E.  and  W.  with  a 
slight  dip  to  the  north.  West  of  the  slate,  on  the  south  side  of 
the  island,  the  rock  is  more  schistose,  and  less  slaty. 

On  the  N.  W.  1  of  sec  16,  62-16,  on  the  north  side  of  Birch 
point,  is  a  low  exposOre  of  greenish  sericitic  slate.  The  bed- 
ding and  schistose  structure  coincide,  and  mn  E.  and  W.  The 
dip  is  apparently  to  the  north,  though  not  so  plainly,  nor  so 
much,  as  on  tbe  small  islands  in  the  S.  R  J  of  see.  9,  62-16. 
There  are  numerous  small  veins  cf  quartz  in  the  rock,  running 
parallel  with  the  schistose  structure.  The  rock  is  not  a  good 
slate,  but  the  bedding  is  so  straight  and  regular  that  it  splits  into 
slaty  slabs  and  fragments  in  some  places.  In  othera  it  is  simply 
a  schist. 

One  of  tbe  small  islands  in  S.  E.  \  of  sec.  9  is  composed  of  a 
somewhat  slaty  greenish  sericitic  schist,  with  its  structure  run- 
ning E.  and  W.  It  is  full  of  pyrites  cubes,  up  to  i  inch  in 
diameter.  The  dip  is  slightly  to  the  north.  The  island  rises 
eight  or  ten  feet  out  of  the  water. 
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At  the  corDe'r  post  of  sees.  7,  8,  17  and  18,  63-i6,  is  found  a 
green  Bchist  (5  H),  even-gi-ained  and  modemtely  finu.  It  rises 
bat  two  or  three  feet  above  the  water,  and  is  soon  concealed  by 
drift.  The  dip  is  not  apparent.  There  is  no  perceptible  bed- 
ding, and  the'  schistose  stnieture  seems  to  ran  E.  and  W., 
although  it  is  not  very  marked.  Thi:f  rock  has  a  bnsaltic  Joint- 
age  suggestive  of  an  eruptive  origin.  On  the  north  side  of  the 
bay,  in  the  S.  E.  \  of  sec.  7,  62-16,  is  a  massive,  syeuite-looking 
•  rock,  grayish-red  to  greenish  in  color  (6  H),  rising  about  ten 
feet  above  the  water  in  rough,  bold  crags  or  hillocks.  It  has  no 
evidence  of  metamorphism  nor  of  sedimentation.  There  are 
seen  a  few  masses  of  chlorite-]ike  material,  but  the  most  of  the 
rock  is  homogeneous,  apparently  containing  orthoclase,  quartz 
and  hornblende  or  chlorite,  and  a  little  pyrite.  The  rock  has 
the  general  appearance  of  having  an  eruptive  origin. 

Black  Duck  point.  Farther  east,  in  the  3.  .W.  i  of  sec.  8,  62-16, 
there  is  a  low  exposure  of  gray  wacke,  and  east  of  this,  about  the 
middle  of  the  section,  the  syenitic  rock  again  crops  out.  The 
hills  are  covered  with  drift,  and  heavily  wooded,  so  it  is  not  pos- 
sible to  see  where  Ihis  rock  and  the  graywacke  coine  in  contact. 

At  the  S.  E.  i  sec.  8,  62- 16,  is  a  siliceous  schist  which  seenis 
well  adapted  for  whetstones.  It  is  finegrained  and  evenly 
sheeted.  It  runsE.  and  W.,  rising  but  ten  feet  above  the  water. 
It  contiiins  small  particles  of  a  dark  greenish  mineral  that  be- 
come rusty  and  red  near  the  surface.  There  is  a  slight  dip  to 
the  north.     (7  H.) 

A  conglomeritic  rock  outcrops  at  the  same  place;  this  is  rather 
fine-pebbly,  with  feldspar  and  quartz  pebbles  or  crystals.  The 
color  varies  from  reddish  to  greenish,  the  pebbly  structure  being 
moie  evident  near  the  surface  than  fuither  in.  There  seems  to 
be  au  east  and  west  schistose  structure,  tiie  matrix  being  appar- 
ently a  sericitic  schi.'tt.  The  connection  between  this  and  the  last 
can  not  l>e  discovered,  as  it  is  covered  by  drift  and  the  water  of 
the  lake. 

Some  mining  has  been  done  on  the  if.  W.  t  of  see.  9,  62-16, 
in  rock  that  resembles  7  H.  It  here  appears  to  be  eruptive,  and 
in  dikes  through  the  gi-aywaclte.  On  the  south  side  of  what 
may  be  a  dike  tlie  dip  is  toward  the  south,  and  on  the  north  side 
it  apparently  dip**  north.     There  are  some  small  veins  of  quartz. 

These  have  been  followed,  in  the  mining,  thirty  feet  or  more. 
East  of  here  the  hill  appears  to  be  composed  chiefly  of  a  green 
rock,  like  trap.  (9  H).     It  has  come  up  iu  the  sericitic  schist, 
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and  thrown  it  over  till  it  lies  almost  horizontal,  with  a  slight 
dip  to  the  north.  It  has  the  general  form  of  a  dike  rnnning 
across  the  sericitic  schist  diagonally  from  S,  B,  to  N.  W.,  bnt 
this  is  not  certainly  the  structure.  The  hill  in  which  it  is  found 
rises  90  feet  above  the  lake,  and  is  heavily  wooded.  Some  sy- 
enitic  rock  is  also  foand  here. 

Od  the  point,  S.  W.  ioftheN.  W.  i  of  sec.  10,  rockNo.9(H), 
has  a  large  exposure.  Here  it  seems  to  almost  have  a  structure 
in  thedirection  ofthat  of  thegraywacke.  It  is  low,  and  has  a 
basaltic  jointage.  On  the  next  point  bedded  graywacke  is  seen 
running  E.  and  W,  Here  it  is  evident  that  the  doleryte  No.  9 
(H),  runs  in  the  same  direction  as  the  regular  graywacke,  fmH 
near  their  junction  contains  pieces  of  it.  It  looks  more  than  ever 
as  if  No.  9  (H)  were  a  changed  conditiou  of  the  graywacke,  and 
not  eruptive. 

Graywacke  forms  the  small  rounded  island  in  the  S.  E.  i  of  the 
N.  W.  i  of  sec  10.  In  this  are  Btoall  dikes  rnnning  nearly,  bnt 
not  quite,  parallel  with  the  schistose  structure;  but  about  10°  to 
18°  N.  of  E.,  while  the  graywacke  runs  B.  and  W.  The  rock  in 
these  small  dikes  (two  inches  thick)  resembles  No.  9  (H). 

The  large  island  off  the  end  of  Black  Dnck  point,  ci'ossed  by 
the  line  between  sees.  3  and  10,  rises  ft-om  thirty  to  fifty  feet 
above  the  lake  and  coDSisli  of  a  rock  sub-sti-ucture  of  graywacke 
varying  to  a  greenish  schist,  dipping  to  the  north,  considerably 
obscured  by  drift. 

In  the  S.  W.  i  of  sec.  33,  G3-16,  are  outcrops  of  rock  ten  or 
more  feet  above  the  water,  that  are  greenish,  and  have  the  mas- 
sive striictare  and  basaltic  jointage  of  eruptive  rock.  They 
show  no  sedimentary  structure,  and  bat  feebly  a  coarse  schistose 
cleavage.     There  is  no  apparent  dip. 

On  the  west  side  of  Black  Dnck  point,  S.B.  i  of  sec.  5,  62-16, 
are  seen  dikes  of  rock  resembling  No,  2  (H),  running  through 
the  graywacke  or  sericitic  schist,  in  a  direction  thtU  varies  from 
10°  to  20°  north  of  east.  This  rock  stands  unconformably  by 
the  side  of,  and  in,  the  schist,  and  incloses  many  large  masses  of 
the  same.  The  rock  of  these  dikes  is  quite  homogeneous,  and 
does  not  contain,  apparently,  any  pebbles,  such  as  seen  in  No. 
2  (H).  The  dikes  vary  from  3  feet  to  6  feet  in  width.  Bock  No. 
10  (H). 

No.  11  (H)  is  from  a  dike  runuing  through  the  graywacke  in 
the  8.  B.  1,  S.  E.  1  sec.  6,  62-16.  It  is  a  tough,  grayish  green 
rock  containing  considerable  hornblende.    It  is  also  pyritiferous. 
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and  has  veins  of  quartz  running  through it,.ancl  scattered  nodules 
of  syenitic  rock,  hat  no  free  quartz  iu  the  rock  iteelf.  It  con- 
tains black  mica  and  exhibits  a  coarse  schistose  structure.  The 
dike  runs  parallel  with  the  bedding  of  the  graywacke,  while  the 
schistose  strocture  of  the  graywacke  is  20°  N.  of  E.  In  sees.  5, 
on  both  sides  of  the  baj',  graywacke  is  the  underlying  rock  and 
is  considerably  disturbed  by  dikes,  sometimes  appearing  twisted 
almost  as  badly  as  the  band.s  in  the  jasper  in  T.  62-15. 

Argillaceous  schist  which  approaches  slate  in  hardness  and 
firmness  of  grain,  appears  in  the  9.  E.  i  of  see.  6,  62-lB.  It 
forms  a  knoll,  and  runs  50°  E.  of  K.,  dipping  8.  Coincident  with 
the  schistose  structure  are  numerous  small  quartz  veins.  A 
little  further  west  the  rock  is  about  the  same,  but  seems  to  be 
mixed  with  lumps  of  harder  more  siliceous  rock  of  a  pinkish  col- 
or and  fine  texture.  In  the  N.  E.  i,  S.  E.  i  sec.  6,  62  16,  this 
argilliCic  rock  runs  10"  8,  of  E.  It  is  quite  hard,  and  only  a  lit- 
tle of  it  is  exposed.  There  is  a  considerable  amount  of  the  hard- 
er pink  rock  in  it. 

Id  the  S.  W.  i  of  sec.  6,  62-16,  is  seen  a  heavy  fine-grained 
schist.  Running  through  it  is  seen  a  considerable  amount  of 
some  fine-grained  feld.spar,  resembling  orthoclase  in  color. 
There  also  appears  to  be  some  mica  in  some  portions  of  the 
schist,  and  pyrite  in  nearly  all.  In  one  place  a  be<l  or  stratum 
was  seen  that  apparently  contained  hematite.  There  is  an 
evident  bedding,  or  foliation,  dipping  a  little  to  the  west  of 
south.  In  the  southern  part  of  sec.  7,  T.  62-16,  are  seen  hills 
that  rise  abont  100  feet  above  the  lake. 

In  the  9.  W,  \  of  sec.  6,  near  the  town  line,  is  an  exposure  of 
greenish  schist,  approaching  graywacke,  which  has  been  filled 
with  crystals  of  pyrite,  but  they  have  weathered  ont  and  the 
rock  has  somewhat  the  appearance  of  an  amygdaloid.  Near  the 
town-line,  N.  W.  1  sec.  7,  62-16,  is  an  outcrop  of  a  heavy,  mas- 
sive, greenish  bliK;k  dioryte,  which  probably  is  in  a  dike,though 
the  boundaries  of  it  ciin  not  be  ascertained.  It  contains  mica, 
hornblende  (passing  to  chlorite)  and  feldspar.  It  extends  for 
100  feet  01-  more.     No.  15  (H). 

On  the  south  side  of  this  dike,  or  at  least  just  south  of  it,  is  a 
lai^e  dike,  or  betl,  of  porphyrilic  feldspar  rock  No.  16  (H). 
This  i-ises  20  feet  in  a  bold  knob.  The  crystals  of  triclinic  (t) 
feldspar,  half  an  inch  long,  stand  ont  thickly  all  over  the  weath- 
ered surface.  There  is  some  qnartz  in  the  rock,  and  therenppears 
alaoto  be  hornblende.  The  connection  between  this  and  the  rock 
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on  either  side  19  covered.  There  is  a  quartz  vein  a  foot  or  more 
thick  running  through  it  50°  B.  of  X.  These  two  rocks,  15  (H) 
and  16  (H),  alteiinite  sevenil  titn&s  along  here,  but  are  not  seen 
in  contact)  so  ns  to  disclose  their  reliitious. 

Birchba^.  In  the  S.  B.  i  of  seo.  1,  (i:i  17,  the  outcropping 
rock  is  a  grepnish  sertcitic  slate  containing  much  pyrites.  This 
rises  but  a  foot  or  two  above  the  water,  and  has  a  schistose  struc- 
ture running  10°  N.  of  B.  The  dip  is  towinl  the  south.  On  a 
small  point  a  little  west  of  the  last,  the  rock  is  still  a  greenish 
sericitic  sltite.  The  bedding  is  wavy,  and  runs  in  a  general  B. 
and  W,  diiecHon,  while  the  schistose  structure  crosses  it  in  a 
direction  10°  K.  of  E.  There  is  a  small  fault  across  the  bedding 
which  is  of  later  date  than  a  short  vein  of  quartz,  for  it  runs 
throngh  the  quartz  and  has  carried  part  of  it  six  inches  toward 
the  northeast  from  the  rest  of  its 

The  small  island  east  of  the  point  in  the  S.  B.  1  of  sec  1,  62- 
17,  is  a  very  nicely  en>o3ed  knoll  of  greenish  sericitic  schist* 
It  has  a  very  plain  bedding  structure  running  2^°  H".  of  B.  and 
a  schistose  structure  not  so  plain  I'unning  (40°1)  B.  of  X.  It  is 
slaty  in  some  places,  but  generally  is  too  soft  to  be  called  slate. 
The  bedding  lini«  are  bent  or  curved  somewhat  iu  ali  directions. 
There  are  numerous  short  veins  of  quartz,  up  to  a  iuot  or  more 
in  thickness,  running  principally  in  the  direction  of  the  bed- 
ding. 

On  the  point  in  the  S.  W.  \  of  the  8.  E.  i  sec.  1,  6217,  there 
is  a  greenish  siliceous  (T)  schist  (17  H)  that  has  but  faint  bed- 
ding, nearly  vertical,  and  basaltic  jointage.  It  rises  immedi- 
ately out  of  the  lake,  ten  feet  or  more,  and  is  considerably 
brokeu  up.     This  rock  is  about  the  same  as  14  (H). 

About  the  N.  B.  i  of  the  N.  B.  t  of  see.  12,  No.  16  (H)  appears 
again,  iu  the  same  bold,  high  fashion  an  ou  the  other  side  of  the 
point.  Here  it  seems  to  come  up  throngh  sericitic  schist  on  its 
south  side,  and  probably  the  same  ou  its  northern  side.  A  little 
fnrther  southwest  is  a  large  high  blu£f  of  rock  considerably  like 
16  (H),  and  also  like  12  A  (H).  It  extends  along  the  shore  of 
the  lake  for  two  hundred  feet  or  more,  rising  20  feet  above  the 
water. 

South  of  this  is  rock  like  No.  14  (H),  only  a  little  redder.  It 
has  basaltic  jointage  and  a  kind  of  bedding.  It  dips  a  little  to 
the  south,  and  extends  BO — 100  feet;  stiil  further  south  rock  like 
Nos.  12  A  (H)  and  16  (H)  returns  for  forty  or  fifty  feet. 

South  of  this  is  a  clay  slate  with  schistose  structure  running  a 
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little  E,  of  N.  Then  conies  a  harder,  firiuer  slate-like  rock,  ex- 
cept that  it  lacks  tbe  eveu  bedding  or  slate.  This  rock  grades 
into  sericitic  schist,  which  continues,  more  or  less  firm,  nntil  it 
passes  into  a  sort  of  seuii-crjstalline  rock  which  has  a  coarse 
schistose  stnicture  running  about  40°  E.  of  N.  The  hight  of 
the  hill,  here,  has  diminished  to  fonr  or  five  feet. 

On  the  small  island  on  the  S.  E.  I  of  the  X.  E.  i  of  sec.  11, 
62-17,  there  is  a  small  point  atwut  five  feet  above  the  water, 
composed  of  bai'd  greenish  I'ock,  with  no  plain  bedding.  It  has 
a  schistose  straeture  running  40"  9.  of  E.  There  is  a  lining, 
which  may  be  due  to  a  sedimentary  Liedding,  running  in  about 
the  same  direetio'n.     Rock  IS  (H). 

On  the  south  side  of  the  island  in  the  If.  E.  }  of  sec  II,  62-17, 
is  a  striped  red  and  green  schist,  standing  nearly  vertical.  The 
bedding  is  much  disturbed,  but  runs  about  30°  S.  of  E.  Dip  is 
K.  rather  than  S.  Ou  the  X.  W.  end  of  the  same  island  there 
is  a  low  outcrop  of  dark  green,  hard,  fine-grained,  hydro-mica 
schist.  It  has  bedding  running  10°  8.  of  E.  andascbistosestruc- 
ture  running  30°  N.  of  E.  There  are  many  small  veins  of  quartz 
rnnning  in  the  direction  of  the  bedding.  Bo'.'lders  are  very 
numerousatthe  westendof  the  island,  and  cover  the  rock  almost 
wholly. 

The  coast  line  then  is  one  of  drift  and  boulders  as  far  as  tbe 
N.  i  of  the  8.  W.  i  of  sec.  3,  62-17,  when  hills  of  mica-schist 
rise,  near  the  coast,  to  the  hight  of  ninety  to  a  handred  feet. 
The  first  rock  seen,  in  coming  up  along  the  shore  from  sec.  10, 
is  the  greenish  sericitic  schist  so  abundant  east  of  here  in  this 
bay.  This  has  a  schistose  structure  rnnning  60°  E.  of  N.  Oat 
of  this  rises  a  bard,  tongh,  pinkish -green,  crystalline  rock, 
whether  syenite  or  dioryte  is  hard  to  say.  It  is  chiefly  composed 
of  feldspar  and  hornblende,  with  a  greenish  mineral  besides, 
and  some  pyrite.  It  is  hard  and  massive,  and  it  makes  a  great 
ridge.  It  is  No.  19  (H).  It  is  not  more  than  20  or  30  feet  wide, 
and  on  tbe  east  and  north  mica-schist  appears.  Along  the  coast 
these  two  rocks  alternate,  the  mica-schist  occupying  lower  levels 
than  the  syenite;  but  the  schist  is  also  very  hard,  and  almost 
massiv.e,  with  a  schistosity,  or  foliation,  running  20°  N*.  of  B. 
The  high  hills  in  the  north  half  of  sec.  3,  along  the  shore,  ran 
in  the  direction  of  the  trend  of  these  rocks,  and  are  caused  by 
them,  the  snmmits  of  the  principal  alternating  ridges  being 
composed  of  rock  No.  19  (H).  The  alternating  rocks  ocenr  in 
belts  or  beds  that  vary  in  thickness  from  ten  or  twelve  feet  to 
forty  or  fifty  feet. 
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In  the  X.  E.  i  of  sec.  3,  62-17,  caD  be  seen  a  dike  of  red 
syenite,  about  six  iudies  wide,  running  through  the  rock  Ko.  19 
(H),  about  east  and  vest.  It  is  faulted  off  in  one  place,  about 
eight  iucbes.     This  is  represented  by  19  A  (H). 

In  the  N.  E.  loftheN.E.  i,  sec.  3,  is  a  dike  of  pinkish  syen- 
ite running  through  the  schist  50°  S.  of  E.,  while  the  schistose 
structure  is  30°  X.  of  £.  This  dike  is  much  like  19  A  (H),  but 
is  a  little  coarser,  aud  not  quite  so  pink. 

On  the  W.  side  of  the  island,  in  the  N.  E.  i  of  the  N.  W.  i  of 
sec  2, 62-17,  is  » large  dike  of  No.  19  (H),  running  about  30" 
north  of  east.  It  contains  some  few  uarrow  crooked  veins,  or 
beds,  of  mica-schist.  There  are  also  in  it  dikes  of  the  light 
white  to  pink  syenite  which  go  in  all  directions  through  the  green- 
ish dike. 

On  the  south  side  of  the  small  island  inthecentre  of  sec  2,  is  a 
bed  or  dike  of  pink  rock,  almost  wholly  of  feldspar,  coming 
through  a  hydro-mica-schist.  It  is  not  very  hard  but  is  partic- 
ularly decomposed  into  angular  pieces  of  various  sizes.  It  is  a 
schist,  and  grades  into  a  hydro-mica-schist,  in  almost  imper- 
ceptible d^rees.    This  is  rock  No.  20  (H). 

On  the  small  island  25  feet  across,  in  the  S.  E.  i  of  sec.  35, 
63-17,  is  a  felsitic  conglomerate,  or  porodyte.  It  has  a  schistose 
structure  running  E.  and  W.  The  island  rises  less  than  two 
feet  out  of  the  water,  and  is  composed  entirely  of  this  rock.  It 
has  a  matrix  of  apparently  sericitic  schist,  and  there  are  in  it 
pebbles  of  quartz  of  all  sizes  and  shapes  up  to  three  inches  in 
diameter.  The  structure  is  bent  and  doubled  considerably,  and 
there  is  no  certainty  of  any  bedding  structure. 

Birch  river  and  Aim  island.  The  little  islands  that  lie  south  of 
Avis  island,  forming  the  canoe  and  the  steamboat  channels  from 
the  upper  lake,  are  composed  of  mica-schist,  variously  cut  by 
and  mingled  with  dikes  of  two  other  rocks. 

On  a  little  island  near  the  centre  of  sec  36,  63-17,  in  the  north 
part  of  the  "canoe  passage,"  the  rock  is  mica  schist.  There  are 
visible  on  it,  however,  no  real  dikes  that  cross  the  bedding, 
though  they  are  visible  on  the  larger  island  next  west.  The 
surface  of  the  rock  on  this  little  island  is  ridged  by  unequal 
erosionand  decayin  weathering.  The  ridges  are  prevailingly  in 
several  pronounced  directions.  First,  are  those  that  coincide 
with  the  bedding  structure.  These  consist  of  variations  in  the 
lock  itself  and  of  quartz.  The  quartz  is  chemically  deposited 
and  did  not  exist  at  first  as  part  of  the  bedded  rock.    It  is  vit- 
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reously  crystalliue,  apcl  about  white.  The  others  are  micaceous 
quiirtzyte,  sometimes  beiug  dark  like  the  mica-Bchist  and  some- 
times gray,  or  nearly  white  qiiartzyte.  These  both  show,  on 
their  flat  surfaces,  wherever  the  mica-schist  has  been  removed  by 
weathering,  a  striated  appearance,  resembling  giacial  marking, 
that  runs  nt  un  angle  with  the  horizon,  of  about  40°,  descending 
toward  the  west.  This  striatiou,  however,  is  due  to  the  internal 
variations  in  the  hard  rock,  and  becomes  visible  only  on  the  re- 
moval of  the  softer  lock.  The  second  kind  of  ridgea  crosses  the 
first  at  about  a  right  angle;  and  they  are  so  frequent  and  abun- 
dant as  almost  to  produce  aschistosity  in  that  direction^  They 
dip  toward  the  K.  E.  ut  an  angle  of  about  45°.  Their  cause  is 
apparent.  On  the  weathered,  apper  edge  of  each  one  of  them, 
or  many  of  them,  can  be  seen  an  open  fine  fi><sure  splitting  the 
ridge  longitudinally  into  two  parts,  the  hardened  schist  being 
hardest  j  ust  at  theplane  of  contact  of  the  two  halves,so  that  the  fis- 
sure really  splits  the  edge  of  the  ridge.  The  bedding,  anda  kind  of 
foliation  or  goeissic  structure  colncideut  with  the  bedding,  is  not 
disturbed  by  these  ridges,  but  the  mitia scales,  etc., are  elongated 
E.  and  W.  iustead  of  N^.  and  B.  This  hardening  of  the  schist  on 
eithersideoftbese  minute  fissures  is  dne,appareQtly,  to  the  action 
of  gases  and  chemical  secretions  on  the  at^acent  rock  walls. 
Such  would  giithei'  in  the  fissures,  and  iu  all  passage-ways,  more 
readily  than  el:«ewhere,  whenever  apheaval,  or  any  disturbance, 
should  produce  the  openings.  The  third  kind  of  lidges  passes 
irr^nlarly  and  confusedly  across  the  surface  of  the  mica-schist, 
but  they  consist,  like  the  last,  of  hardenetl  belts  iu  the  mica 
schist.  They  are  less  conspicuous  than  either  of  the  last,  and 
less  frequent;  but  they  are  sometimes  broader — i'inch  to  3 
inches.  The  tirst  and  second  kinds  vary  from  the  faintest  linear 
elevation  to  i  inch  or  I  inch  across. 

The  plat  sketch,  rcpi-esented  by  fig.  32,  was  taken  from  the 
glaciated  rock-surfiKte  in  a  little  bay  on  the  northeast  end  of 
Menan  island,  not  far  from  the  centre  of  sec.  M,  63-17.  The 
shaded  portion,  representing  mica-scbist,  the  main  rock  of  the 
country,  is  shown  to  have  been  broken  first  by  some  force  and 
cemented  by  some  very  quartzose  syenite.  Subsequently  these 
were  both  fractured  and  the  opening  was  filled  by  the  green- 
stone dike.  Neither  the  syenite  nor  the  greenstone  is  conforma- 
ble With  the  strike  of  the  mica  schist,  which  is  ;*5°  E.  of  N.,  al- 
though they  seem  to  run,  in  general,  in  the  same  direction.  The 
greenstone  dike  isamygdaloidal,  but  the  amygdules  appear  now  to 
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be  wholly  of  fibroas  horablende.  This  structure  is  not  visible 
throughout  it,  but  is  so  in  nearly  all  parte  of  it.  The  rock  coa- 
Bists  mainly  of  hornblende  and  a  triclinic  feldspar,  making  a  dio- 
ryte.    Bock  samples  677  and  878. 

On  the  northern  slopes  of  this  island,  northwest  of  the  point 
sketched  ,are  other  greenstone  dikes,  and  irregular  areas  of  syen- 
ite, one  of  the  dikes  of  greenstone  being  about  eighty  feet  wide, 
running  in  the  same  direction.     The  island  rises  10  to  16  feet. 

At  numerous  places  on  and  about  Avis  island,  rock  like  No.  878 
(syenite)  is  seen  crossing  the  mica-schist  in  diverse  directions  in 
the  manner  of  dikes,  some  of  them  being  nearly  horizontal.  In 
some  small  areas  and  knobs,  nothing  can  be  seen  but  the  syenite, 
in  other  places  small  areas  of  mica-schist  appear,  more  or  less 
inclosed  by  sj^enite.  The  dip  is  uniformly  preserved  toward 
the  south,  25°  —  35°  east.  On  the  south  side  of  tbe  island,  hills 
of  this  kind  of  rock  rise  aboat  flfty  feet  above  the  lake,  bat  in 
general  the  rock  is  covered  by  drift  deposits.  Toward  the  north 
the  syenite  increases  in  amoaat,  compared  to  the  mica-schist. 

At  the  clearing  for  a  cabin,  near  the  S.  W.  comer  of  sec.  25, 
63-17.,  on  Avis  island,  are  large  expoeares  of  mioa-schifit  dip- 
ping south,  but  nearly  vertical,  veined  with  syenite  and  qoutz, 
and  crossed  by  fine  seams  and  ridges.  This  is  at  about  thirty 
feet  above  the  lake. 

In  the  north  part  of  sec.  36,  63-17,  on  the  island,  the  same 
rock  as  the  last  appears,  standing  conspiouonsly,  nearly  vertical, 
bat  dipping  in  one  place  toward  the  south,  and  at  another 
toward  the  N*.  W.  It  is  out  by  frequent  dikes  of  syenite^  This 
N.  W.  dip,  so-called,  is  illusory,  due  to  a  system  of  joints 
that  cross  the  formation. 

On  the  N.  W.  t  of  sec  36,  63-17,  tlte  syenitic  ro)A  prevails  at 
several  points  on  the  coast,  but  includes  angular  pieces  of  mica 
schist,  as  shown  by  Fig.  33.    In  some  places  the  schist  prevails 


Fig.  33. — Showing  anfftdar  pieces  of  mioa-schist  included  iwtj/ettitic 
rock  on  Avis  island. 
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aod  U  simply  cut  by  dikes  of  the  light-colored  rock,  the  dikes 
beiog  of  irregular  shape  and  not  constant  in  direction,  but  pre- 
vailingly conformable  with  the  strike  of  the  schist,  which  is 
about  E.  and  "W.,  or  rather  somewhat  3.  W. 

'  Samples  No.  923  show  the  manner  of  contact  of  the  mica-schist 
with  the  syenite,  obtained  near  the  centre  of  sec.  35,  63-17,  at 
the  southwest  corner  of  Avis  island. 

The  dip  on  Avis  island,  along  the  southern  shore,  seems  to  be 
generally  to  the  south,  but  this  observation  is  unsatisfactory  on 
account  of  the  broken  conditions  of  the  schist.  In  the  little 
channel  west  of  the  island  it  is  more  plaiiUy  seen,  and  is  nnmis- 
takably  toward  the  south.  Mr.  Stacy,  who  examined  the  west 
side  of  this  channel,  in  sec.  36,  obtained  near  the  3.  "W.  i  of  the 
section,  rook  sample  No.  924,  which  is  a  real  granite.  He  also 
found  sample  No.  925,  which  appears  in  the  midst  of  the  granite 
in  a  manner  similar  to  that  of  the  mica-schist,  bat  has  the  gen- 
eral aspect  of  graywacke.     It  is  a  very  fine-grained  mica-schist. 

OuB^  bay.  This  name  is  here  given*  for  convenience  of  refer- 
ence and  deecription,  to  the  bay  from  which  Vermilion  river 
flows,  inclnd log  its  extension  southweetward  through  the  central 
part  of  T.  63-17. 

Along  the  N.  B.  t  of  sec.  23,  63-17,  where  the  rock  is  not 
hid  by  boulders,  it  dips  N.  20°  E.,  this  being  a  change  of  135° 
from  what  it  is  further  south.  The  granitic  rock  in  it  is  not  so 
prevalent  as  when  the  dip  is  south;  still  it  holds  scattered  small 
veins,  and  irregularly  shaped  neets  of  the  same  kind  of  rock. 
The  amount  of  the  dip  is  about  40°,  and  is  quite  plain. 

Jn  the  southern  partof  sec.  13, 63-17,  on  the  shore-line  running 
N.  and  S.,  is  a  mixed  rock,  made  ap  of  oonfosed  and  broken 
masses  of  miea-schist  with  its  foliation  more  or  less  obliterated, 
dikes — mainly  narrow — of  the  usual  syenite,  and  white  quartz. 
The  direction  of  the  main  strike,  if  there  be  one,  can  not  be  made 
out.  owing  to  the  brecciated  and  confused  condition  of  the  rook. 
Some  areas  of  rock  that  resemble  mica-schist,  are  a  flue  gneiss, 
or  a  gray  micaceous  quartzyte. 

In  the  northern  part  of  sec.  13,  63-17,  are  some  other  conftised 
outcrops.  The  mica-schist  becomes  converted  to  a  hard;  dark- 
oolored  rock,  with  only  a  gneissic  foliation,  or  with  no  foliation. 
Boulders  containing  both  these  kinds,  evidently  from  the  forma- 
tion not  for  away,  are  seen  frequently  ou  the  shore.  The  shore 
line  mainly  is  of  boolders.    In  one  place  the  dip  of  the  mica- 

■  It  wu  flnt  ipplled  In  the  report  [or  IBSO,  p.  lOO. 
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BcMat,  with  ItB  embraced  syenite,  seemed  to  be  changed  again 
to  a  soatherly  direction. 

In  the  S.  E.  i  of  sec.  11,  63-17,  is  an  exposure  of  syenite  and 
mica-schiBt,  the  former  making  the  larger  part  of  the  mass.  It 
stops  ap  irre^alarly  from  the  water,  the  entangled  mica-schist 
dippii^  N.  W.  at  aa  angle  of  40°  from  the  horizon. 

At  the  outlet  of  Vermiliou  lake,  which  is  near  the  north  line 
of  sec.  11,  63-17,  there  is  no  rock  exposed  plainly  above  the  sur- 
fooe,  nor  is  there  for  some  distanoe  toward  the  south.  On  the 
east  side  of  the  narrow  bay  that  leads  to  the  outlet,  about  a 
qoarter  of  a  mile  from  the  b^inning  of  the  rapids,  is  a  knob  or 
boulder-like  prominence,  about  twenty  feet  long  and  perhaps 
ten  feet  high,  whether  rock  in  place  or  not  I  am  not  sure,  which 
consists  of  syenite  and  hard  mica-schist,  or  dark  gneiss,  similar 
to  maoh  that  is  seen  along  the  same  coast-line  further  soath,  on 
the  border  of  transition  from  the  foliated,  supposed  sedimentary, 
to  the  massive  and  possibly  eruptive.  Along  the  rapids  the 
water  tambles  over  boulders,  mainly  of  cyenite  with  a  few  of  the 
other  massive  crystalline  rocks.  In  1S78  I  conclnded  that  the 
anderlying  rock  i  n  the  rapids  is  mica-schist,  having  seen  numerous 
fresh  pieces  in  the  channel.  On  the  portage  trail,  which  is  on 
the  east  side,  some  large  boulders  are  seen,  forming  low  eleva- 
tions that  otherwise  perhaps  contain  rock  in  place,  but  no  out- 
crops are  visible  throughout  the  distance  passed  on  the  trail. 

The  country  is  drift-covered  uid  wooded,  largely  with  pine 
but  also  some  aspen,  some  oak,  oecasiooaLly  an  ^m,  spruce, 
balsam,  ash,  and  soft  maple. 

It  is  more  than  probable  that  the  nndei:]ying  rock,  atthe  com- 
mencement of  the  rapids,  is  a  "granite"  or  syenite,  mingled 
with  angular  fragments,  and  lai^  masses,  of  mioa-sohiBt.  Suoh 
rock  makes  the  most  of  the  boulders,  ani^  some  slabs  of  more  or 
less  interbedded,  freshly  ruptured  (1.  e.  not  rounded)  mica-schist, 
near  the  upper  landing,  and  on  a  "  point "  on  the  west  side,  as 
well  as  at  points  already  noted,  serve  to  confirm  this.  Again, 
not  &r  from  the  outlet,  on  the  west  side,  rock  whi(di  is  apparent- 
ly in  situ  can  be  seen  under  the  water,  though  in  the  forms  of 
angnlfu?  slabs. 

Further  south,  on  the  west  side,  n^  the  east  half-section  line, 
in  sec.  11,  63-17,  rook  appears  to  be  in  gitu,  though  consisting  of 
an  isolated  knob  or  tongne,  rising  abruptly  from  the  water,  and 
extending  not  more  than  twenty  feet  This  oonsistB  of  syenite 
and  mica-schist,  the  former  making  more  than  one-half  of  it  aU. 
The  average  dip  is  N.  or  N.  N.  E. 


.vGoogIc 


STATE  GEOLOGIST.  293 

At  the  S.  W.  t  of  sec.  11,  63-17,  on  the  sooth  side  of  the  bay 
A'om  the  last,  is  a  good  exposure  of  the  same  rock.  It  Ib  made 
np  of  mica-Bcliist  and  syenite  or  granite.  It  rises,  inland,  and 
reaches  the  hight  of  30  feet,,  more  or  less,  at  a  few  rods  from 
the  point.  It  is  difficult  to  make  out  the  strike  or  dip,  owing  to 
the  coDfiised  mixture  of  the  tvo  rocks.  Yet  the  direction  of  the 
little  tongue  of  rock  (as  well  as  at  the  last  point  noted)  which 
shows  a  prerailing  trend  E,  and  W.  and  a  distinct  dip  in  some 
places  to  the  north,  to  the  amount  of  50°  from  the  horizon,  all 
indicate  a  north  dip  for  the  formation  here. 

On  the  north  end  of  the  island,at  the  section  line  between  sees. 
11  and  14,  63-17,  the  rock  is  prevailingly  mica-sohist,  but  it  is 
mingled  with  the  same  light-colored  syenitio  rook.  If  there  be 
any  dip  at  this  place,  it  is  toward  the  south,  as  there  is  an  elon- 
gation of  structure  east  and  west,  with  interleaved  veins  of  gran- 
ite dipping  in  that  direction.  A  little  further  west,  however, 
and  soath,  on  the  same  island,  at  a  knob  of  a  point,  the  rock  is 
BO  oonfosingly  mixed  that  no  structure  can  be  determined.  The 
same  is  true  also  at  the  next  little  point  on  the  same  island,  the 
rock  being  almost  entirely  of  syenite. 

On  the  point  near  tlie  centre  of  sec.  14,  63-17,  the  rook  is 
partly  a  breccia.  This  round  point  has  three  exposures;  the 
northern  one  is  this  breccia,  with  no  direction  of  dip  or  strike. 
At  the  next,  toward  the  south,  the  rock  is  gneiBB,or  hard,  closely 
jointed  mica-sohist,  or  micaceous  quartzyte,  with  a  strike  E.  and 
W.,  and  nearly  vertical,  or  dipping  north.  At  the  third  the 
rook  is  evidently  a  bedded  one,  with  little  disturbance.  It  varies 
from  a  hard  gneissic  mica-schist  to  a  fine,  hard,  almost  flinty, 
gray,  micaceons  quartzyte,  with  a  dip  of  35  to  40  degrees  toward 
the  north.  This  is  rock  numbered  879.  These  exposures  are 
all  small,  from  20  feet  to  fiO  feet,  along  the  beach,  and  do  notshow 
their  relations  to  each  other,  by  direct  contact;  but  the  dip  seen 
in  the  last  mentioned  would  indicate  that  it  lies  lower  than  the 
other  two. 

Still  further  south,  about  i  mile  north  of  the  south  side  of  sec. 
14,  63-17,  is  a  sharp,  rocky  point,  projecting  east,  made  np  ot 
mica-schist  and  conformable  layers  of  gneissic  mica-schist,  and 
some  syenite  dikes  running  in  the  same  direction,  all  showing  a 
,  very  evident  dip  N.  (exactly)  of  about  40  degrees  from  the  hori- 
zon. In  this  are  not  only  large  conformable  (or  nearly  con- 
formable, layers,  or  dikes,  of  syenite,  but  also  small  isolated  and 
lenticular  nests  or  nodnlee,  of  syenite  (So.  880).     These  latter 
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swell  oat  so  ae  to  interfere  with  the  foliatioD,  whluh  here  Ib  the 
bedding  atracture.  It  is  very  evident  here  that  a  bedding  struc- 
ture U  tJw  cause  of,  and  is  converted  into,  the  foliation,  prodacing 
a  gneiBsic  strnctore.  Both  can  be  seen  in  the  same  rock  masa. 
This  is  the  same  as  observationB  made  elsewhere  in  this  report. 

Still  again,  at  the  section  line  between  sees.  11  and  23,  63-17, 
the  same  roch,  and  the  same  dip  can  be  seen  abnndantly  dis- 
played. Bat  the  dip  here  varies  to  10°  east  of  north.  The 
dikes  do  not  all  conform  to  the  bedding,  bat  some  times  cot  it 
zigzag.  The  blafife  here  rise  about  thirty  feet,  and  are  all  made 
apparently  of  this  mica-schist. 

Syenite,  massive  or  only  jointed,  constitntes  the  coast  from 
near  the  N.  E.  corner  of  sec  22,  63-17,  aoathwestwardly,  as  far  as 
the  sontheast  comer  of  sec.  29,  except  when  hid  by  bonlders, 
which  latter  1b  nearly  two-thirds  of  the  way.  There  can  be 
seen  nothing  bnt  boulders,  on  the  shore,  eastward  from  the  Bear 
narrows,  throagh  sees.  32  and  33,  63-17,  and  to  the  S.  W.  i  of 
sec.  27,  where  the  islands  consist  of  mica-schist  dipping  aonth, 
30°  from  the  horizon.  Northwestwardly,  throagh  the  same  sec- 
tion, bonlders  form  the  shore,  except  at  two  points  where  similar 
mica-schist  oatcrops,  as  far  as  to  sec.  23,  63-17. 

On  the  west  side  of  Oak  island,  which  is  the  large  island  in 
the  S.  W.  i  of  sec.  23,  63-17,  is  a  large  ontcrop  of  confhsed  rock, 
mica-schist  changing  to  gneiss,  eat  by  dikes  of  syenite,  rising 
about  twenty  feet  above  the  lake.  No.  938  illnstrates  the  fine- 
grained condition  assumed  by  the  mica-schist  in  some  small 
areas.  South  of  Oak  island  the  rock  of  the  west  shore  is  hid  by 
bonlders  nearly  to  Avis  island,  but  on  the  east  shore  are  seen 
several  outcrops  of  mica-schist  variously  intersected  by  dikes. 

Bear  narr(rws  and  West  bay.  At  the  S.  W.  i  of  sec  29,  63-17, 
on  the  shore  is  a  fine  exposure  of  syenite,  in  which  can  be  seen 
a  narrow  greenstone  dike  running  E.  and  W.  two  and  a  half  feet 
wide,  and  some  included  mica-schist  in  the  syenite,  this  being 
the  first  instance  of  mica-schist  in  the  syenite  since  leaving  the 
N.  W.  i  of  sec.  23,  63-17. 

The  rock  is  much  obscured  at  the  Bear  narrows  by  drift,  bat 
it  is  seen  ocoaBionally  along  the  shores  on  both  sides  of  the  lake, 
and  also  on  some  of  th«  numerous  islands,  being  syenite  or  gran- 
ite. , 

Bock  936  is  from  a  small  island  at  the  IS.  W.  comer  of  sec 
32,  63-17.  This  is  somewhat  gneissic,  and  sometimes  rather 
dark  for  granite. 
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On  the  K.  B.  ^  of  sec  31,  63-17,  a  large  greeosbone  oatcrop 
appears,  (No.  926),  bat  its  contact  with  the  rock  of  the  coantry 
can  not  be  seen. 

The  same  rock  (syenite)  extends  through  sees.  25  and  24 
and  into  sec.  23,  in  the  next  town  west  (63-18).  "Star  the  centre 
of  sec  23  was  obtained  sample  No.  927. 

With  bat  one  small  exception  the  rook  remains  the  same 
throngh  sec.  13,  63-18  northeastwardly,  and  along  the  sonth  shore 
in  sea  18,  63-17. 

At  the  S.W.  comer  of  sec.  9,  63-17,  is  a  rock  dipping  north, 
containing  syenite  in  lentlcalar  and  conforma})le  sheets,  some  df 
the  sheets  being  only  a  qaarter  of  an  inch  in  thickueea,  and 
some  six  inches.  The  sheets  seem  to  originate  in  the  schist. 
This  rock  has  an  evident  bedding  stractare,  dips  aboat  north 
at  an  angle  of  aboat  46  degrees,  and  seems  not  to  be  a  mica-schist, 
bat  rather  more  a  graywaoke.  A  patch  aboat  a  rod  square  is 
exposed. 

Across  the  bay,  northward,  on  the  corresponding  point,  the 
^posed  rock  is  a  regular  miciMchiBt,  nearly  vertical,  bnt  dip- 
ping (apparently)  nearly  soath  85  degrees —  not  mnch  exposed. 
Further  west,  at  the  fork  of  the  bay,  is  a  rocky  knob,  25  to  30 
feet  high,  which  consists  of  mica-schist,  plainly  dipping  sonth  80 
degrees,  with  homc^eneous,  small  and  conformable  veins  of 
granite.  The  same  dip  continnes  throngh  sec.  8,  63-17,  along 
the  north  side  of  the  bay,  and  in  the  island  in  the  lif.  W.  t  of  . 
sec.  H,  the  rock  remaining  about  the  same  in  character.  The 
geologist  can  not  fiul  of  being  struck,  however,  with  the  fineness 
of  the  interleaved  beds  of  granite  or  granitic  rock,  with  the 
mica-schist  or'gnelssic  mica-sohist,  indicating  the  origination 
of  the  former  within  the  latter. 

Near  the  point,  on  the  north  shore,  near  the  centre  of  sec  7, 
63-17,  the  dip  chaises  to  45°  N.  E.,  and  this  dip  continues  so 
far  as  can  be  asoertained,  through  sec  7. 

In  the  M.  B.  t  of  sec.  13,  63-18,  the  mica-schist  along  the  shore 
is  mnch  interleaved  by  fine  conformable  sheets  of  granite,  and 
rises  boldly  from  the  water  all  along,  or  overhangs,  with  amarked 
and  persistent  dip  N.  or  N.  E.,'aboQt  60  degrees,  reaching  a 
height  of  35  to  50  feet.  About  fifteen  rods  from  the  shore  are  two 
little  islands  of  granite,*  rising  about  eight  feet  above  the  water. 
These  most  onderlie  the  schist,  when  the  schist  extended  so  far. 
This  granite,  in  the  islands,  has  a  gneissic  foliation  dipping  E. 

*  Tbe  (smu  gnnlta  and  ■j'snlte  in  notuwd  ban  vHhinrenil  dlHrimliutlon. 
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K.  E.  The  mica-BchiBt  eztende  to  some  distance  weeb  of  these 
islands,  hot  is  replaced  in  about  half  a  mile  by  the  same  kind  of 
gaeiss  as  that  of  the  two  islands.  This  is  also  replaced  by  mica 
schist  a  little  further  vest,  rather  indicating  an  alternation  of 
these  rocks,  though  this  relation  is  not  demonstrated  by  con- 
nected observations. 

Following^the  mica-schist  blnfb  veetvardly,  noting  the  fine, 
oonformable  and  increasing  number  of  their  sheets  of  granite; 
the  fact  suddenly  flashes  on  the  observer  that  the  rock  has  be- 
oome  changed  to  a  reddish-gray  gneits^  and  a  momenf  9  farther  ex- 
amination only  is  needed  to  show  Us/urther  eonformabletranntion 
to  granite,  thus  making  a  conformable  passase  from  one  extreme 
to  the  other.  This  interchange  is  as  gradual,  and  more  regular, 
than  that  seen  to  take  place  between  the  jaspilyte  and  the  seri- 
dtic  schists  north  of  Tower.  The  mica-schist,  eren  after  it  has 
become  a  gneiss,  is  cut  by  thin  dikes  of  other,  redder  granite 
which  is  Dot  gneissic  but  coarsely  crystalline.  This  transition  is 
most  beautifally  and  consplcnously  exhibited  on  the  blufF-&oe  at 
the  N.  E.  comer  of  sea  14,  63-18,  not  far  west  of  the  sectiop 
line. 

Bock  929  represents  the  micarschist,  not  gneissic,  i.  e.  not  hav- 
ing granite  interlaminated,  as  above. 

Eiock  930  represents  gneissic-miea  schist,  as  above. 

Bock  931  represents  gneiss,  as  above. 

Bock  932  represents  granite,  as  abova 

These  numbers  were  all  obtained  at  the  same  place,  and  within 
a  space  of  forty  or  fifty  feet,  theintervalsbeingten  to  fifteen  feet, 
all  being  fi-om  conformable  beds. 

The  schist  blufT  falls  away,  and  after  a  low  spot  in  the  bay,  the 
same  transition  is  repeated  along  the  shore  a  little  further  south 
and  west.  After  an  interval  of  granite  at  the  shore  this  passes 
inland,  rising  higher,  and  rock  933  appears  at  the  water's  edge, 
dipping  in  the  same  direction,  showing  the  same  kind  of  con- 
formable interstratifioation  downward,  demonstrating  the  ex- 
istence of  a  large  mass  of  granite  conformably  intergtratified  m 
mica-stAist,  and  gradtuating  into  mica-schist,  above  and  below. 
This  lower  mica-schist  is  crumpled  somewhat. 

There  are  several  other  transitions,  up  and  down,  not  all  of 
them  revealing  granite,  but  a  gneiss,  or  a  gneissic  mioa-schist, 
in  the  shore  line  along  sec.  14,  63-18. 

There  is  much  exposure  of  rock  in  the  K.  E.  i  of  sec.  15,  63- 
18,  consisting  of  mica-schist,  often  very  fine-grained,  almost  a 
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dark  gneiss,  more  or  less  cat  by  greenstODe,  and  by  dikes  of 
granite,  the  dip  changing,  with  the  coafitline,  toward  the  W,  'S. 
W.  The  namerotts  ialands  are  made  of  the  same  rock.  Bock 
Ifo.  930  is  a  sample  of  granite  that  is  plainly  intrasive,  i.  e.  an- 
oonformable  in  its  direction,  in  the  mica-schist,  obtained  at  the 
K.  E.  ^  of  the  X.  E.  ioisea.  16,  63-18. 

Similar  schist  and  gneiss  are  exposed  ireqaently  aloi^  Par- 
tridge rivQr  in  sees.  10  and  11,  and  aboat  theshores  of  Partridge 
lake.  At  the  narrows  of  Partridge  lake,  in  sec  12,  63-18,  on 
the  sontfa  side  of  the  lake,  a  change  oocars  in  the  rook  and  in 
the  dip,  the  latter  being  indistinct,  bnt  toward  the  south,  or 
nearly  vertical;  and  the  former  an  aphanitic,  hard  urgillyte, 
sometimes  being  cat  by,  or  interbedded  with,  gneiss  of  a  dark 
color. 

,  The  little  island  in  Partridge  lake,  near  the  section  li  ne  between 
sees.  11  and  12,  is  a  breccia  of  miea-schist  cemented  by  qiuutz 
and  impure  quartz,  evidently  all  of  chemical  origin,  some  of  the 
cement  resembling  reins  or  dikes  of  the  pink  or  white  intrusive 
granite,  suggesting  that  many,  if  not  all  of  the  unconf(>rmable 
dikes  in  the  mica-schist  may  be  of  chemical  origin,  while  the  in- 
terleaved gneiss,  and  dikes  (so-called)  of  granite  that  grade  into 
the  mica-schist,  are  plainly  of  the  same  nature  as  the  mica 
schist,  and  hence  of  sedimentary  origin. 

Book  "So.  935  represents  some  of  the  impare  quartz*  from  this 
little  island,  but  it  does  not  fairly  represent  some  of  the  more 
granitoid  quartz,  seen  in  some  of  the  veins.  R  M«m«  there  mutt 
be  some  dittindion  observable,  or  dueoverable,  fr^ttcean  the  dOce-gran- 
ite  and  the  gneiss-gramte. 

The  direcdou  of  the  group  of  islands  rnnning  through  sees.  15 
and  21, 63-18,  is  that  of  the  strike  of  a  great  series  of  hard,  gneissic 
micarschist,  with  granite  beds  and  some  dikes,  the  dip  gradually 
becoming  K.  W.  then  W.  and  passing  to  the  point  where  Wake- 
mawnp's  village  is  located.  This  belt  immediately  overlies  a 
great  formation  of  granite,  as  shown  not  only  by  observations 
recorded  above,  but  also  by  little  outlines  of  the  granite  in 
islands  lying  just  east  of  the  Big  island.  From  one  of  these  ont- 
liers  sitnated  in  the  If.  W.  \  of  sec.  22,63- IS,  was  obtained  rock 
No.  937.  Mr.  Stacy  examined  the  extreme  northwest  extremity 
of  the  lake,  extending  from  Wakemawup's  village  in  sec.  21, 
63-18,  northwestwardly  and  northeastwardly  through  sees.  20, 
17,  9  and  10.     He  reported  finding  only  rock  like  that  already 

*  UnfortuiMlely  ibla  apeeiiiieD  wu  loM. 
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deecribed,  viz. :  mioa-schist  iaterbedded  with  gneissio  rock,  and 
cnt  by  veins  or  dikes  of  granite.  Sometiinee  the  blafib  rise,  in 
this  pai-t  of  West  bay,  to  the  bight  of  20  or  30  feet.  Along  the 
fioathweet  shore  the  rock  1b  hid  by  drift,  and  boalders  constitnte 
the  shore  tine. 

Theaoathshote  of  West  bay  was  examined  also  by  Mr.  Stacy. 
It  is  chiefly  composed  of  drift,  particularly  throngfa  sees.  27 
and  26.  In  sec.  25,  and  on  the  islands  in  the  southeast  part  of 
sec  26,  are  outcrops  of  granite  or  gneiss. 

The  north  shore  of  Verm^iion  lake  in  T<yuiM  63-16  and  16. 
Along  the  south  side  of  the  long  point  which  projects  S.  W.  in 
sec.  31,  63-16,  the  rock  rises  sometimes  twenty  or  thirty  ieet ' 
directly  from  the  water.  The  rock  is  mica-sehist.  It  stands 
nearly  vertical  bnt  dips  southerly  (20°  E.),  i.  e.  toward  the  take, 
ihe  strike  being  parallel  with  the  shore.  The  bedding  plaqee 
intersect  a  system  of  coarse  jointage  planes  that  slope  in  the 
same  direction  bnt  run  more  nearly  east  and  west.  When  large 
slabs  separate  from  the  bluff  in  accordance  with  these  planes, 
and  the  remaining  surface  gets  weathered,  the  lines  of  intersec- 
tion with  the  alternating  harder  and  softer  layers  of  the  sedi- 
mentary bedding,  bring  out  a  striation  on  the  weathered  foce  of 
the  bluff  that  has  a  deoeptive  appearance  of  sedimentary  dip, 
abont  45°  from  the  horizon  toward  the  N.  W,  In  passing  along, 
an  observer  would  be  likely  to  take  this  for  the  dip,  unless  he 
made  close  examination.  That  this  is  not  bedding  structure  is 
here  evident  from  the  fact  that  there  is  a  true  sedimentary  stmo- 
tare  visible-dipping  as  stated;  and  also  from  the  &ct  that  some- 
times on  the  same  bluff,  a  little  fnilher  toward  the  east  or  west, 
can  be  seen  a  similar  striation — somewhat  wavy — dipping  in 
exactly  the  opposite  direction,  produced  by  a  different  set  of 
jointage  with  the  true  bedding,  this  set  running  across  the  bed- 
ding in  the  direction  8.  S.  W.  There  is  a  hard  structure,  or 
series  of  veins  of  a  light  color,  running  all  through  this  rock 
and  forming  a  network  of  relief-ridges  that  cross  and  recrose 
each  other  like  Widmanstatten  figures  in  a  meteorite. 

In  this  mica-schist,  further,  are  dikes  of  light-colored  syenite 
(or  granite)  running  about  east  and  west,  but  varying  in  direc- 
tion. The  color  of  the  schist  also  varies  from  nearly  white  to 
very  dark,  by  reason  of  numerous  bands  that  penetrate  it  coin- 
oident  with  the  bedding.  These  shade  through  various  tints  of 
schistose  rock  to  syenite  or  granite  apparently  being  perfectly 
crystalline.    This  schist  has  a  very  evident*  sedimentary  strac- 
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tore.  It  is  firm  and  even  shows  an  approzimation  to  gneiss,  the 
foliation  of  which  is  then  the  same  aa  the  bedding  structare  of 
the  schist.  When,  however,  this  gneissic  structure  comes  on,  the 
grains  are  finer  than  in  the  gneiss,  the  color  is  darker,  bat  the 
striping,  due  to  sedimentation,  is  still  preserved.  The  dikes 
are  ftom  two  to  eight  feet  wide.  Kock  No,  13  (H)  is  the  mica 
schist,  and  13  A  (H)  represents  the  white  dike-rock.  Namber 
13  B  (H)  is  a  green  trap  or  diabase  which  forms  narrow  dikes 
in  So.  13  (H).    This  is  a  very  common  feature  of  the  bluff. 

Shonea  ii^and,  so  named  by  the  Indiana  from  the  mining  oper- 
ations carried  on  for  silver  near  the  north  side  of  it  In  1866, 
lies  in  foar  different  towns,  just  soath  of  the  high  peninsula 
just  described.  The  rock  is  a  hydro-micaceoos  schist  with 
numerous  quartz  veins  and  nodules.  It  seems  to  be  near  the 
dividing  line,  geographical  as  well  as  lithological,  between  the 
mica-schists  of  the  VermUion  seriet  and  the  graywaokee  and  seri- 
«itic  Bchists  tiiat  lie  ftictJier  soatheast.  It  is  mnoh  obscnred  by 
Ariib,  but  the  dip  and  strike  seem  to  be  conformable  with  that  of 
the  mica-schists  lying  next  north. 

The  islands  lying  toward  the  TS.  E.  &om-8honea  island  in  sec 
-31,  63-16.  consist  of  an  intermediate,  greenish,  serioitic  schist. 

Dike-rock  [like  No.  9  (H)]  appears  on  a  small  island  in  the  S. 
E.  1  of  the  8.  E.  i  of  sec  31,  63-16.  It  here  runs  through  a 
£Feen  argillitic  slate  (939)  somewhat  crumpled,  dipping  south  in 
the  same  manner  as  the  mica-schist  seen  on  the  mainland 
next  north,  about  75°  from  the  horizon.  This  schist  contains 
nodules  of  white  quarts  somewhat  conformable  with  the  dip,  as 
the  jaapllyte  quartz  occais  in  the  green  schist.  This  green  slate 
seems  to  graduate  into  the  seridtic  schist.  It  appears  again  on 
the  south  side  of  the  large  island  in  the  S.  W.  i  sec  32,  63-16, 
and  at  the  S,  E.  corner  of  the  same  Island,  constituting  appar- 
ently the  continuous  course  of  one  or  more  dikes. 

On  the  8.  W.  corner  of  the  large  island  in  sec.  33,  63-16,  a 
small  dike  has  a  somewhat  exceptional  appearance.  It  is  repre- 
sented by  No.  12  A(H).  and  it  cuts  through — at  least  it  runs  in 
—  Ko.  12  (H).  It  is  porphyritic,  and  very  different  from  the 
rock  in  which  it  runs,  yet  it  extends  in  a  direction  coincident  in 
a  general  way  with  the  schistose  structure,  aod  with  the  bedding. 
It  varies  in  width,  swelling  out  and  pinching  up.  At  the  west 
end  of  the  island  it  ceases  abruptly,  as  if  it  had  been  faulted 
since  its  formation.  There  are  also  small  lenticular  patches  of 
the  same  kind  of  ro^^k,  running  in  the  same  direction,  in  the 
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country  rock,  these  being  not  over  half  ao  inch  in  width,  or  less, 
and  contiDUiug  but  a  few  iaohee.  The  wetdhered,  orbnrnt,  sur- 
face of  the  dike  is  light  red,  or  pink,  and  the  eryatalfi  of  feldspar 
stand  out,  above  the  snrface.  The  dike  here  varies  from  an 
inch,  or  less,  in  width,  to  eight  or  ten  inches.  The  coantry 
rook  is  a  greenish  sericitic  schist,  very  firm,  having  a  coarse 
schistose  strnctnre  parallel  with  the  bedding,  and  apparently 
dipping  80°  from  the  horizon  toward  the  N.  10°  W,  This  schist- 
ose slate  is  rather  oonformably  placed  alongside  a  different 
green  dike  which  b3bo  has  an  indistinct  schistose  or  gneissic 
structure  mnning  in  the  same  direction  as  that  Of  the  conntry 
rock.  In  this  are  quartz  veins,  and  e^so  veins  of  rock  that  re- 
semble 12  A  (H),  bnt  white  and  less  uniform  in  color  and  direc- 
tion. This  is  about  eight  or  ten  feet  wide,  and  then  is  replaced 
by  green  schist  on  the  north  side  again.  This  green  schist  is 
No.  12  B  (H). 

On  the  west  end  of  the  island  in  the  HT.  E.  }  of  sec.  32,  63-16, 
are  visible  seventeen  dikes,  from  an  inch  to  two  feet  in  thickness, 
in  the  space  of  sixty  feet.  They  mn  about  20*  N.  of  E.  The 
schist  through  wliioh  they  mn  has  considerable  mica  in  some 
parts  of  it;  in  other  places  none  at  all.  On  the  8,  E.  end  of  the 
same  island  the  schist  is  sericitic,  and  has  a  very  little  micainit. 
On  the  east  end  the  schist  seems  to  be  sericitic,  and  is  very  mi- 
caceous. There  are  dikes  In  it,  as  usual,  of  pinkish  and  gray 
syenita  On  the  point  near  the  sonth  line  of  sec.  28  the  rock  is 
more  like  graywacke,  and  seems  to  have  no  mica  in  it. 

Throi^h  sections  28,  27,  23,  2(>  and  26,  in  T.  63-16,  the  north 
shore  of  the  lake  consists,  in  general,  of  mica-schist  and  granite, 
irregularly  mingled,  bnt  these  rocks  show  remarkable  variations, 
the  former  becoming  hornblendic  and  massive,  and  passing  ap- 
parently into  syenite  or  dioryte,  and  the  latter  becoming  very 
coarsely  granular,  and  very  often  red. 

At  the  centre  of  sec.  27,  63-16,  the  schists  are  micaceons,  and 
apparently  chloritic,  and  stand  nearly  vertical,  cut  by  numer- 
ous white  dikes. 

lathe  N.  E.  \  of  the  same  section,  the  rock  is  micaceous  gray- 
wacke, standing  vertical,  crossed  in  all  directions  by  granitic 
dikes,  though  the  most  of  these  are  in  the  direction  of  the  bed- 
ding. The  strike  is  ten  degrees  south  of  east.  The  same  strike 
and  dip  appear  ^;ain  on  the  shore  sonth  of  the  bay  situated  near 
the  centre  of  section  26,  63-16. 

Mr.  Stacy,  who  examined  the  north  shore  throngh  sees.  27, 
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23,  26  and  26,  63-16,  procured  the  sftraples  nambered  940-947, 
to  ahov  the  yariations  in  the  rook. 

Sample  No.  940  from  8.  W.  i  sec.  23,  63-16,  is  not  very  com- 
moD,  and  rather  an  extreme  for  coarseneBs;  941,  from  the  same 
place,  rather  eommon;  942,  N.  W.  i  sec.  25,  composes  a  large 
blnff;  variee  to  a  rook  like  941,  both  being  red  granites;  943,  from 
IT.  El.  i  sec.  27,  from  the  same  blnff  as  940  and  941,  a  common 
rock;  944,  from  near  the  centre  of  sec  27,  one  of  the  phases  of 
the  rock  common  bo  the  country;  945,  from  the  S.  W.  i  sec.  23, 
mioa-scbist,  hornblendio,  rather  a  micaoeoos  gneiss;  946,  ^.  E. 
i  sec  27,  red  micaceons  gneiss. 

In  sec  25,  along  the  sonth  side  of  the  same  bay,  the  roek  ia 
reiwrted  by  Mr.  Stacy  as  very  nearly  grayracke,  but  the  sam- 
ples he  obtained  are  more  nearly  a  fine  mica-eohist,  evidently 
about  on  the  verge  of  transition  from  one  rock  to  the  other;  bed- 
ding about  vertical.  Along  the  north  shore  of  the  bay,  extend- 
ing from  the  town  line  eastward  in  T.  63-15,  he  reported  that  he 
foand  only  graywacke,  and  "a  grayvacke  alate,  varying  to  por- 
odyte,"  as  on  a  point  where  a  high  perpendicular  bluff  appears 
on  the  shore  in  the  N.  E.  i  sec  3,  62-15,  where  he  obtained 
rock  947,  which  is  a  poroditic  graywacke.  The  slaty  graywaoke 
aometimes  was  seen  to  vary  to  aslaty  serioitic  schist.  Such  was 
seen  aboat  half  a  mile  northwest  A-om  the  place  where  the  rock 
947  was  obtained. 

Eastward  of  Fine  island  the  north  shore  of  the  lake  is  caused 
by  the  extension  of  the  hills  of  graywacke  which  begin  in  sec  4, 
on  Pine  island,  and  these  hills  will  rise  sometimes  176  feet  above 
the  lalke.  Ou  a  little  island  near  the  centre  of  sec  4,  62-15.  the 
rock  is  a  slaty  graywacke,  dipping  60°  S.  and  30°  W.  with  no 
schistose  structure  at  variance  with  the  bedding,  though  cut  by 
numerous  joints  in  all  directions.  In  ftome  of  ite  coarse  beds  this 
graywacke  approximates  on  weathered  snrfaces,  the  appearance 
of  some  of  the  porodyte,  especially  some  of  the  ai^istose  porodyte. 
In  other  places,  further  east,  it  is  somewhat  conglomeritic,  the 
stones  being  now  evinced  by  a  tortnosity  of  all  the  structural 
arrangements  about  there,  and  being  particularly  evident  on  the 
weathered  surfoces. 

Pine  island.  The  western  end  of  Pine  island,  through  sou.  34, 
63-16,  has  numerous  onterops  of  serioitic  schist  and  graywacke, 
dipping  toward  the  southeast,  the  land  rising,  at  short  distances 
from  the  shore,  from  fifteen  to  thirty  feet.  A  greenstone  dike  is 
visible  on  the  shore  in  the  N.  W.  i  of  sec  34,  63-6,  running 
about  E.  and  W. 
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In  the  promODtoty-like  point  that  jnts  oat  Dorthweetward  in 
Bee  27,  63-16,  the  sdilsta  are  vertical,  and  are  crossed  by  dikes 
of  granite. 

The  ielaods,  aad  the  coast-line,  Id  sec.  26,  63-16,  are  composed 
of  the  same  rock  (a  grayva<^e  which  sometimes  is  mjcaceoos) 
and  is  cat  by  dikes  of  light  colored  granite,  the  strike  of  the 
schist  being  to  the  soath  of  east. 

On  the  north  part  of  sec  36,  63-16,  are  some  bare  hills.  These 
consist  of  micaceous  graywacke,  the  strike  being  10  degrees 
south  of  east.  It  is  distarhed  by  dikes  of  greenstone  that  ran 
about  E.  and  W.  These  weather  gray,  like  the  waoke,  bat  by 
fractare,  and  by  their  nneonformity  with  the  rest  of  the  rock, 
they  are  seen  to  be  of  eruptive  origin.  Their  width  varies  from 
three  inches  to  thirty  inches.  No  granite  dikes  are  risible  here. 
The  land  is  about  60  feet  above  the  lake;  and  thongh  the  strike 
is  atwat  E.  and  W.,  the  hills  ascend  like  sheep's  backs  roooiDg 
from  north  toward  the  soath.  ascending  from  the  shore;  and 
coalescing,  farther  south,  In  a  general  elevation  more  bushy  and 
scantily  timbered,  at  about  the  same  hight.  These  hills  hare 
the  form  of  glaciated  domes,  bat  fires  and  frosts  hare  destroyed 
the  markings. 

Besides  the  forgoing  greenstone  dikes,  diere  is  another  kind 
of  igneous  rock  here,  represented  by  rock  881,  which  is  a  rather 
fine  dike-rock,  running  about  parallei  with  the  strike,  but  cut- 
by  the  other  greenstone  dikes.  This  weathers  much  lighter 
colored,  and  Che  course  of  the  darker  greenstone  of  the  other 
dikes  cau  be  seen  crossing  it,  though  nearly  parallel,  by  the  con- 
trasting bands  of  color. 

At  the  extremity  of  the  point  that  projects  eastwardly  frx>m 
sec.  35,  into  the  S.  W.  i  of  sec.  36,  63-16,  was  obtained  rock 
sample  No.  882.  This  is  coarsely  schistose,  and  somewhat  oon- 
fhsedly  so,  contains  some  patches  of  red  syenite,  and  has  a  red 
mineral  disseminated  through  it,  but  its  general  color  is  green, 
due  to  a  rather  soft,  foliated,  green  mineral  like  chlorite,  that  is- 
perhaps  changed  from  hornblende.  The  red  mineral  Is  a  feld- 
spar, and  the  aspect  of  the  outcrop  is  that  of  a  rotted  igneona 
rock.    This  may  be  compared  to  No.  12  A  (H). 

At  the  point  at  the  narrows,  sec  36,  63-16,  projecting  west- 
wardly,  the  rock  is  about  vertical,  rans  E.  and  W.  (or  nearly) 
and  consists  of  a  rather  micaceous  graywacke,  and  is  out,  oon- 
formable  to  the  schistose  structure,-by  a  greenstone  dike,  aboat- 
2i  feet  wide,  which  forms  the  breakwater  toward  the  S.  W.  and 
makes  the  extremity  of  the  point. 
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Boulders  and  slight  outcrops  of  sericitic  schist  constitute  the 
shore  eastward  throagb  the  reat  of  Pine  island. 

At  the  X.  E.  I  sec  5,  62-15,  is  a  fissile  schist  of  a  gray  color, 
crumbling  down  under  the  weather,  which  probably  underlies 
much  of  the  shore  further  west,  though  unseen  because  of  the 
drift  covering,  and  the  ease  with  which  it  is  destroyed  by  the 
weather.  It  is  seen  here  because  the  shore  line  faces  the  pre- 
vailing and  strong  westward  winds,  and  the  exposure  is  kept 
fresh  by  waves  and  drifting  ioe.  It  rises  about  ten  feet  in  the 
blu£t  It  contains  lumps  of  black  chert  or  hor^tone.  This  rock 
is  No.  883. 

The  southeastern  extremity  of  Pine  island  is  very  rough,- the 
hills  near  the  shore  rising  fifty  or  seventy-five  feet  above  the 
lake.  The  rock  here  is  mainly  graywaoke  varying  to  sericitic 
schist,  also  becoming  poroditic,  the  latter  in  the  western  part  of 
sec.  1,  62-15,  and  the  eastern  part  of  sec  9. 

At  the  S.  E.  i  of  sec  6,  62-15  (E.  side  of  the  bay),  the  gray- 
wacke  (1)  has  a  massive  stmcture,  and  sometimes  a  basaltic 
jointage,  approaching  porodyte.  It  is  represented  by  sample 
920.  It  contains  crystalline  grains.  It  dips  IS.  80°.  On  the 
weathered  and  glaciated  sorfoce  the  sedimentary  banding  is  visi- 
ble, and  beds  of  argillyte,  and  angular,  isolated  pieces  of  ai^il- 
lyte,  can  be  seen  distinctly,  embraced  nnconformably  in  the 
granular  graywacke,  but  not  on  so  grand  a  scale  as  those  seen 
on  sec  20,  62-16. 

A  little  north  of  the  point,  within  the  bay,  on  the  east  side,  is 
a  low  exposure,  on  a  small  low  point,  of  a  greenstone  dike,  the 
dike  bei  ng  about  20  feet  wide  and  apparently  running  in  the  same 
direction  as  the  schists. 

At  the  entrance  to  the  bay,  on  sec  6,  62-16,  on  the  south  side 
of  the  island,  the  same  kind  of  graywacke  appears  on  the  west 
side  as  on  tiie  east.  The  rock  is  hard  and  tough  and  has  nodules 
and  straggling  veins  of  chemical  quartz. 

At  the  S.  W.  i  of  seo.  «,  62-15,  where  the  town  line  crosses  the 
shore  of  Pine  island,  is  a  lai^  lot  of  clay  slate,  which  has  the 
appearance  of  being  economically  valnable.  It  is  black,  and 
purplish  black.  Lai^e  blocks  lie  on  the  beach.  It  rises  also 
into  the  ac^acent  blufib,  ten  to  twenty  feet  high.    Sample  d21. 

On  the  shore  S.  W.  t  sec  1,  62-16,  is  a  greenstone  dike  cut- 
ting argillyte,  but  in  the  highest  part  of  the  ridge,  which  rises 
about  40  feet,  while  the  general  facies  of  the  rock  is  that  of 
greenstone,  and  it  seems  to  have  sufficient  toughness,  its  color 
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and  fine  granular  texture  resemble  those  of  .some  fine  gray- 
wacke.  It  is  only  after  considerable  examination  tbat  an  opinion 
can  be  formed  as  to  the  natnre  of  this  rock.  Sample  No.  922  rep- 
resents this  indefinite  rock.  At  the  section  line  between  sees. 
1  and  2,  a  little  Airther  west,  this  rock  rises  in  a  cliff,  breaking 
off  toward  the  west.  It  is  here  plainly  a  hardened  sedimentary 
rock,  exhibiting  the  regular  sedimentary  banding.  In  most  of 
this  exposure  this  rock  appears  as  a  hardened  and  basaltified 
graywacke  and  ai^Uyte.  It  is  distinct,  however,  from  the  green- 
stone dike  mentiqped,  which  mns  vestvard  throngh  it. 

The  roanded  point  which  extends  southward  from  sec  2,  62- 
16,  ihto  sec.  11,  consists  of  drift,  and  the  shore  line  shows  only 
boulders  and  gravel.  Graywacke,  fUternating  with  stretehcfi  of 
sand,  or  of  boulders,  with  marshy  spots  in  the  bays,  extends 
thence  northwestward  to  the  north  line  of  the  town. 

The  island  which  lies  in  sees.  11  and  12,  62-16,  has  fluent 
exposures  of  graywacke.  On  the  northwest  coast  it  verges 
toward  argillyte. 

Ely  island.  The  following  notes  on  Ely  island  were  made 
chiefly  by  Mr.  H.  V.  Winchell. 

On  the  soath  half  of  sec  17,  62-lfi,  the  rock  has  the  same 
stmcture  as  Tfo,  2  (H).  It  is,  however,  finer-grained,  and  seems 
to  be  more  "talcose,"  bat  it  contains  occasional  grains  of  free 
qnartz.  The  schistose  stmcture  runs  about  ten  degrees  north  of 
east.    The  bedding  is  not  apparent,  bnt  the  schist  stands  vertical. 

In  the  8.  B.  i  of  sec  17,  62-15,  this  rock  holds  more  nnmerons 
grains  of  qnartz.  In  some  places,  hut  not  genendly,  there  is  an 
evident  basaltic  stmctnre.  There  are  also  seen  here  pebbles  of 
So.  2  A  CH).  On  one  of  the  highest  knobs  the  free  qnartz  gran- 
nies are  abont  as  nnmerons  as  in  No.  1  (H),  and  there  are  other 
pebbles,  six  inches  in  diameter,  of  qnartzyte  and  other  hard 
rocks,  compressed,  or  worn,  so  as  to  agree  with  the  schistose 
direction  of  the  rock.  No.  2  B  (H)  are  pebbles  from  this  felsitic 
conglomerate.  Veins  of  white  qnartz  mn  in  various  directioDB 
throngh  it,  principally  east  and  west.  In  one  place,  abont  od 
the  S.  E.  i  sec  17,  such  veins  are  only  a  few  inches  apart,  and 
vary  in  thickness  ft^m  one  to  six  or  eight  inches.  rnUs  rock 
weathers  into  thin  scales,  finely  broken  np  and  nearly  always 
parallel  with  each  other. 

Boulders  of  granite,  mica-schist,  syenite,  etc,  are  found  on  the 
top  of  the  highest  parte  of  this  island,  sixty  feet  or  more  above 
the  lake. 
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In  the  JJ.  E.  1  sec.  20,  62-15,  the  felsyte  gives  way  to  the  gray- 
wacke,  which  has  its  liedding  and  schistose  structure  both  run- 
ning east  and  west,  standing  vertical  or  perhaps  dipping  to 
the  north.     The  felsyte  lies  uncouformably  on  the  graywsicke. 

At  the  S.  E.  I  of  the  S.  E.  1  of  sec  17,  62- 1.'*,  west  of  the  bay, 
the  two  rocks  cooie  together  and  mingle  with  each  other.  There 
seems  to  be  an  alternation  of  graywacke  and  felsyte  in  several 
successive  beds,  the  graywacke  prevailing  in  one  direction  and 
the  felsyte  in  the  other.  The  sedimentary  bedding  of  the 
graywacke  runs  35°  N.  of  E.  and  the  scbistose  structure  E.  and 
W.  The  section  line  between  sees.  16  and  21  is  abont  the  line 
of  division  between  the  felsyte  in  sec.  16,  and 'graywacke  iu  sec. 
21.  They  lie  side  by  aide  on  the  east  side  of  the  bay,  corre- 
sponding to  the  same  position  on  the  west  side. 

On  the  east  side  of  the  point,  in  the  S.  W.  i  of  sec.  10,  62-15, 
the  felsyte  lies  ant^nformably  on  the  graywacke.  At  the  same 
place  the  former  chaises  from  a  homogeneous  mass  of  rock  to  a 
conglomerate  containing  rocks  but  little  changed  from  their 
natai-al  state. 

The  felsyte  continues  along  the  shore  in  tbe'9.  E.  1  of  the  S. 
W.  \  sec.  16,  62-15,  but  it  is  not  so  homogeueoas.  There  ai-e 
patches  where  it  is  quite  conglomeritic,  the  schistose  structure 
continuing  E.  andW,  There  areportions  of  it,Bometime8ten  feet 
iu  width,  and  of  indefinite  length,  nmning  in  the  same  direction 
aa  the  schistose  structure,  which  are  much  softer,  and  are  gener- 
ally ranch  decomposed,  and  fallen  down,  as  though  there  were  a 
mineral  in  it  mach  softer  than  that  of  which  the  rock  is  gener- 
ally composed. 

On  the  soath  side  of  the  island,  in  N.  E.  1  of  sec.  15,tbe  felsyte 
changes  into  a  fine-grained  greenstone,  varying  from  quartz-dio- 
ryte  to  slate.  Around  ou  the  end  of  the  point  it  changes  back 
to  the  light-colored  homogeneous  felsyte,  containing  a  few  free 
quartz  grains.  On  the  north  side  of  the  island,  in  sec.  15,  62-16, 
the  underlying  rock  is  not  so  much  expased,  as  on  the  south 
side.  It  is  all  the  same  kiad  of  rock,  varying  between  felsyte 
and  conglomerate. 

In  the  S.  E.  ]  of  the  S^.  E.  I  of  sec.  16,  62-15,  the  conglomerate 
has  a  schistose  structure  running  about  20°  K.  of  G,  There  are 
in  it  pebbles  of  Jasper,  red  and  black,  quart/,  grains  or  lumps, 
and  pieces  of  i-ock  like  No.  3  (H),  which  is  a  sericitic  (t)  schist 
varying  in  the  coarseness  of  its  structure  from  a  rock  that  re- 
sembles No.  1  (H),  to  slate.     It  may  contain  lime. 
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In  the  N.  E.  i  of  sec.  17,  62-15.  the  rock  rises  high,  forming 
Tongli  hills.  These  hills  are  rounded  somewhat  but  have  been 
roughened  since.  The  north  sides  of  all  these  knobs  are  more 
decomposed  than  the  south  sides.  The  rock  is  about  the  same 
as  that  of  which  the  island  is  chiefly  composed,  but  here  it 
weathers  whitish,  while  farther  east  it  has  cliiefly  a  greenish 
color  wheu  weathered.  In  it  are  the  same  pebbles  as  usual,  and 
some  pyrites.  None  of  those  greenish  pebbles  found  on  the  main- 
land south  of  the  lake,  and  numbered  2  A  (H)  are  here  to  be  seen. 
In  the  south  half  of  the  N.  E.  i  of  see.  17,  B2-15,  there  is  a 
quartz  vein  in  this  rock  ten  feet  thick.  It  does  not  appear  to 
be  very  long,  nor  to  contain  anything  but  occasional  lumps  of 
the  rock  itself.  It  has  been  blasted  "for  gold"  for  a  length  of 
thirty  feet  or  more.  It  occupies  a  rough  jointage  opening  in 
the  felsyte,  dipping  northeasterly  about  75°  from  the  horizon. 

On  the  point  in  the  N.  E.  i  of  the  S.  W.  1,  sec.  17,  the  gray- 
wacke  again  is  found.  It  has  a  dip  to  the  north  and  au  eastand 
west  schistose  strncture.  It  does  not  rise  over  fifteen  feet  above 
the  lake.  As  the  west  side  of  the  point  is  reached  the  felsyte 
again  appears,  forming  the  whole  of  the  west  half  of  the  point 
rising  about  20  feet  above  the  lake. 

The  east  end  and  the  sotdh  shore.  Along  the  north  shore  of 
Mnd  Creek  bay  are  occasional  exposures  of  graywacke.  Hills  of 
the  same  rise  from  50  to  70  feet  above  the  water  near  the  bay. 
On  the  south  shore,  near  the  mouth  of  Mud  creek,  is  a  hill  about 
125  feet  high,  and  this  extends,  with  slight  variation,  for  nearly 
a  mile  toward  the  west,  into  sec.  12,  62-15,  Graywacke  dipping 
S.  70=-80=  appears  on  the  shore  on  the  point  in  the  N.  W.  i  of 
sec.  12.  The  islands  in  the  bay  are  composed  of  the  same  rock, 
with  a  strike  nearly  E.  and  W. 

In  the  southern  part  of  see.  12,  62-15,  a  large  outflow  of  erup- 
tive greenstone  makes  its  appearance  (875).  Ithasanindetermi- 
nate  width,  and  only  a  conjectured  direction.  It  shows  for  nearly 
200  feet,  and  makes  a  bold,  high  eminence,  from  which  the 
large  basaltic  (or  roughly  and  coarsely  jointed)  blocks  fall  down 
on  the  beach,  the  hight  of  the  shore  here  being  about  35  feet. 
The  conglomerate,  through  which  it  seems  to  cut,  is  blackened  and 
hardened  on  the  south  side,  for  a  distance  of  eight  or  ten  feet. 

The  exact  point,  which  sharply  proijects  on  the  south  side  of 
the  next  bay  north,  is  made  of  conglomerate;  but  a  short  dis- 
tance within  Mnd  Creek  bay,  on  the  south  side,  the  slaty  gray- 
wacke makes  its  appearance. 
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The  qnartz  which  is  seen  near  the  north  line  of  see.  13,  62-15, 
is  of  small  extent.  It  is  whit«,  and  appears  eonspicnous  from 
the  lake,  in  passing  along.  Tt  rnns  in  an  irregular  ascending  de- 
posit abontlO  feet.and  pinches  ont  at  both  ends,  being  about  fopr 
feet  wide  near  the  m  iddle.  To  the  north  some  quartz  deposits  of  the 
same  kind  are  visible,  in  smaller  areas,  following  the  irregular, 
angnlar  openings  that  were  made  in  the  formation,  when  it  was 
fractnred.  The  inclosing  rock,  jnat  at  the  "  vein,"  is  a^iliceons 
graywacke  or  porodyte,  dipping  north  uniform  with  the  dip  in 
this  part  of  the  country  generally,  bnt  it  soon  changes  to  the 
arenaceous  porodyte,  or  conglomeritic  porodyte  (also  styled 
felsyte)  so  common  about  the  east  end  of  Vermilion  lake.  In 
about  a  couple  of  rods  fiirther  north,  on  the  highest  part  of  the 
hill,  this  conglomerate  is  broken,  and  iningled  with  a  broken 
gray  wacke,  the  bedding  planes  of  t^e  latter  being  warped,  and,  - 
over  an  area  of  a  rod,  having  a  distinct  dip  toward  the  east.  In 
this  vein  is  seen  a  little  bornite  and  chalcopyrite,  bat  it  has 
not  been  worked  any  more,  since  I- visited  it  eight  years  ago. 

The  felsitic  conglomerate,  or  conglomeritic  felsyte,  already 
spoken  of,  forms  the  underlying  rock  toward  the  south,  and 
aboot  Armstrong  bay,  but  is  hid  badly  by  drift  and  by  forest. 

This  poroditic  rock,  generally  containing  rounded  bonlders, 
«xtend8  through  the  islands  and  coastline,  from  the  head  of 
Armstrong  bay  westward  to  Btnntz  island.  There  were  noticed 
only  two  points  at  which  there  is  any  variation. 

One  consisted  of  a  thin  layer  of  rather  more  fragile  schist, 
lying  between  a  dark  gray  quartzyte,  on  the  north,  and  the  con- 
glomeritic felsyte  on  the  south.  This  was  in  the  northern  part' 
of  sec.  13,  52-15.  The  other  was  on  the  N.  E.  i  of  sec.  22,  62- 
15,  on  a  small  island,  where,  as  well  as  on  the  main  land  east  of 
the  island,  a  quartzitic,  dark  graywacke,  was  seen  standing  in 
nearly  perpendicnlar  coarse  jointage  somewhat  coarsely  slaty. 

Everywhere,  about  the  3.  E.  end  of  the  lake,  when  any  dip 
is  visible,  it  is  toward  the  north,  generally  80°-85'',  but  at  one 
of  the  small  islands  in  sec.  21,  It  was  seen  as  low  as  60  degrees. 

Stuntz  island  rises  from  26  to  30  feet.  It  is  in  the  east  part  of 
sec.  21, 62-15,  and  forms  a  bar  across  the  entrance  to  Stuntz  bay, 
leaving  but  narrow  passages  at  the  ends.  It  exhibits  several 
very  interesting  geologi(«l  features.  The  shape  of  the  island  is 
something  like  the  figure  below  (Fig.  34).  The  southern,  more 
elongated,  part  is  made  up  of  the  conglomeritic  felsyte,  men- 
tioned, and  the  shoiter  peninsula,  on  the  north  side,  is  of  the 
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Fig.  34. — Hhoxcing  SlitiUi  islitiitl. 

Bauie  felsyte  sometinies  with  a  basaltic  structure,  and  soiuetimes 
with  free  quartz  but  not  conspicuously  couglomeritic.  In  the 
conglomeritic  portion  are  two  sets  of  dikes,  the  main  one  con- 
sisting of  one  large  dike  and  several  branches  and  Vian-ow  wedge- 
shaped  masses  of  doleryte,  running  E.  10°  9.  Sample  872  rep- 
resents it.     See  also  a  photograph. 

The  rock  of  the  other  set  of  dilces  is  now  in  the  condition  of  a 
greenish  chloritic  schist  (see  rock  873).  This  series  is  not  so 
conspienoua.  nor  so  numerous,  as  the  other,  but  shows  two  dis- 
tinct narrow  dikes  about  eight  and  eighteen  inches  in  width,  . 
running  ten  degrees  north  of  east,  thus  forming  an  angle  of 
twenty  degrees  with  the  other  set.  It  was  for  some  time  a  mat- 
ter of  doubt  whether  these  were  true  dikes.  They  manifest  a 
schistose  structure  parallel  with  that  of  the  felsyte,  and  also 
parallel  with  the  bedding  structure  of  the  region  so  far  as  any 
such  is  visible.  They  are  soft,  easily  shattered,  and  also  ap- 
pear as  short,  isolated  belts,  sometimes  not  running  more  than 
ten  feet  before  they  pinch  out,  though  one  of  them  can  be  fol- 
lowed a  distance  of  more  than  sixty  feet,  when  it  becomes  invis- 
ible by  running  under  turf  and  bushes.  In  one  case  one  of  these 
splits,  and  forks  round  a  portion  of  the  conglomerate.  One 
fork  dies  out  quickly,  bub  the  northerly  one  continues  for  twenty 
feet,  before  it  is  lost  under  the  soil  and  vegetation.  They  also 
contain  a  few  fragments  of  ja8peroi<>  quartz,  and  rarely  some 
rounded  pebbles  of  more  coar-sely  crystalline  rock  like  them- 
selves, or  like  the  rock  of  which  they,  perhaps,  originally  con- 
sisted.    That  which   furnished  finally  incontestable  proof  that 
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this  system  also  constitates  a  series  of  true  dikes  was  the  dis- 
covery, after  clearing  away  the  turf,  that  they  cut  the  other 
dikes,  maintaining  their  identity  of  structure,  and  tlieir  walls 
intact  right  across  them.  They  must  therefore  not  only  he  true 
dikes,  originally  crystalline  dolcritie  i-ock,  but  they  must  be 
of  somewhat  later  date.  The  dike-like  character  of  the  other 
system  is  most  evident,  not  only  iu  the  manner  of  crossing  the 
formation,  and  forming  angular  jog:^,  but  in  the  basaltic  form  of 
the  rock  and  its  doleritic  nature.  The  mineral  nature  of  the 
later  system  seems  now  to  dift'er  from  that  of  the  older  only  in 
being  more  changed  by  decay.  This  may  be  due  to  the  accident 
of  its  direction  being  coincident  with  the  subsequent  develop- 
ment of  the  schistose  structure,  allowing  not  only  a  complete 
fibrous  internal  rearrangement,  but,  afterward,  a  more  ready 
access  to  all  disintegrating  agents.  No.  87.1  A  is  a  rounded  ball  of 
green  rock  taken  from  the  second  system.  Only  two  or  three 
of  these  were  seen.  In  both  series  can  be  seen  pieces  of  jasper- 
oid  rock. 

The  conglomerate  it«elf  is  coarse,  some  of  the  stones  being 
more  than  a  foot  across.  Stones  make  up  the  whole  of  it,  in 
some  places,  but  in  othci'S  they  are  small  and  scattered,  or  fail 
entirely.  There  is,  even  in  the  coarsest  portion,  a  little  schistose, 
serieitic  (t)  material,  with  all  its  scales  and  fibres  elouga^d 
in  the  direction  of  the  greater  diamet^'r  of  the  pebbles,  thiit 
twLsts  about  between  the  boulders,  its  lauiinie  about  parallel  to 
the  sides  of  the  inclosed  stones.  The  stonas  and  the  matrix 
have  a  general  similarity  or  approximate  identity  of  mineral  com- 
position and  color.  The  weathering  color,  particularly  of  the 
stones,  is  nearly  white,  but  there  is  a  dull  greenish  tinge,  in  the 
matrix.  On  fracture,  a  light  greeu  color  is  at  once  apparent  in  the 
BtoufS,  and  a  darker  green,  or  a  grayish  green,  in  the  matrix. 
The  stones  contain  much  semi-rounded  quartz,  in  grains  of  all 
sizes  up  to  one-sixteenth  inch  across,  while  the  matrix  not 
only  contains  these,  but  seems  to  be  porphyritic  sometimes  with 
white  feldspar.  The  pebbles  themselves  are  chiefly  a  gieenish 
fetsyte  and  show  a  fibrous  internal  elongation  in  the  same  direc- 
tion as  that  of  the  nmtrix,  but  they  are  more  durable  than  the 
matri^,  and  often  stand  out  distinctly  on  the  weathered  surfaces. 

This  conglomerate  "also  contains  many  pieces  of  jasperoid 
quartz  showing  a  fine  banding  like  that  in  the  ore-rock  of  the 
mines.  Sometimes  this  is  placed  aciMiss  the  schistose  structure, 
but  it  generally  is  parallel  with  it,   and  the  pieces  then  seem 
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to  have  the  same  superinduced  lengthening  in  that  direction 
which  18  evinced  by  the  roanded  boulders,  of  th^  other  kinds  of 
rock.  This  seems  t»  show  unmistakably  a  difference  of  age  be- 
tween the  jaspilyte  of  the  hills  and  the  sericitic  schists  associ- 
ated with  it.  and  this  conglomerate. 

The  lengthening,  or  compressing,  of  the  stones  in  this  con- 
glomerate need  not  all  be  attributable  to  the  efiect  of  the  super- 
induced schistosity,  which  must  have  been  caused  since  the  lat- 
er system  of  dikes,  since  If  any  stone,  whatever  its  source  or 
nature,  not  absolutely  round,  be  cast  into  a  liquid,  whether 
water,  mad,  or  ash,  it  would  assume  a  position,  when  it  came  to 
rest  at  the  bottom,  approximately  with  its  flattened  sides,  or  at 
least  with  its  elongation,  parallel  with  the  bottom  on  which  it 
came  to  rest,  and  would  remain  so,  in  whatever  direction  the 
bedding  might  be  tilted.  There  is  no  evident  sedimentaiy 
structure  in  this  conglomerate,  but  there  is  a  coarse  structure, 
somewhat  wavy,  simulating  a  succession  of  sedimentary  or  other 
manner  of  accumulation,  which  dips  toward  the  south  or  stands 
nearly  vertical. 

Xo.  S72  A  was  taken  from  the  sideoF  a  narrow  dike  of  the  main 
system  on  Stuutz  Island.  This  dike  is  not  more  than  U  inchee 
thick  where  the  piece  was  taken  off,  and  pinches  out  entirely 
toward  the  west  further,  in  about  ten  feet. 

In  the  northern  part  of  Stuntz  island  are  veins  of  qnartz  up  to 
a  foot  in  width,  running  through  the  felayte.  The  felsyte  runs 
parallel  with  the  conglomerate,  and  merges  into  it.  Bome  light- 
green  serpentinous  pebbles  are  here  seen  in  the  felsyte,  repre- 
sented by  No.  2  A  (H),  the  felsyte  being  So.  2  (H)  and  874  B. 
These  bits  of  light-green  rock  are  uniformly  elongated  with  the 
schistose  structure,  and  their  schistose  structure  runs  in  the 
same  direction,  but  is,  of  course,  much  finer.  These  bits  seem 
to  be  referable  to  some  basic  greenstone  outcrop  which  supplied 
fragments  to  the  conglomerate  as  it  was  forming.  By  the  elon- 
gating, and  schistizing  and  weathering  agents  to  which  they  have 
since  been  subjected,  such  bits  have  been  converted,  not  into  the 
homogeneous  porodyte,orfelsyte,bntinto  these  serpentinous,  soft, 
green,pieces,  because  of  a  difference  of  original  mineral  character. 
This  hypothesis  is  strengthened  somewhat  by  the  existence*  of 
what  appeai-s  to  be  a  piece  of  olivinitic  greenstone  (874  B)  in  this 
felsitic  rock  in  such  a  position  as  to  have  l>een  protected  partly, 
from  change  by  some  lai^e  quartz  veins  that  lie  adjacent.     This, 
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however,  vas  not  in  agreement  with  the  schistose  structare,  but 
conformable  to  the  qtiartz  vein,  .which  ran  across  the  stmctTire. 

On  close  inspection  of  the  rock  that  forms  the  northern  half  of 
the  island,  althoagb  it  is  apparently  entirely  homogeneous,  yet 
in  nearly  all  parts  there  is  an  indistinct  interval  structure, 
evinced  by  faint  blotches  of  lighter  color  and  by  wai'ping  of 
the  laminse  of  foliation  about  such  invisible  shapes  within  the 
rock-mass,  that  shows  there  were  conglomeritic  fr^ments, 
of  aboat  the  same  material  as  the  matrix,  continoally  being 
added  to  the  forming  rock.  These  are  now  so  blended  with 
the  sarronnding  mass,  and  so  nearly  identical  in  composition 
and  grain,  that  they  can  be  identified  only  when  the  process  of 
weathering,  that  nnerring  detective  ally  as  well  as  most  saccess- 
ftil  deceiver,  of  the  geologist,  brings  their  forms  partially  into 
view.  In  this  part  of  the  island,  however,  are  seen  none  of  the 
jasper  fragments  that  are  bo  common  in  the  southern.  The  rock, 
instead,  contains  in  some  places  much  free  qaartz,  some  of  it 
being  in  coarse  grains  even  as  large  as  a  quarter  of  an  inch  in 
diameter,  not  evidently  as  perfect  crystals. 

Since  the  qaartsyte  and  jasper  pieces  in  this  rock  are  placed 
with  their  elongated  axes  parallel  with  the  schistose  structure, 
and  also  parallel  with  a  rude  foliation  which  might  be  called 
bedding,  but  do  not  partake  of  the  schistose  stmctnre,  and  are 
not  changed  from  their  original  angular  shapes,  it  is  evident  that 
the  general  elongation  of  the  boulders  in  the  mass  in  the  same 
direction  is  not  due  to  the  schistizing  process,  bnt  that  they  as- 
sumed the  position  that  they  have,  as  well  as  the  forms  that  they 
exhibit,  prior  to,  at  least  independently  of,  that  process,  and 
under  the  aetion  of  some  force  more  powerful  and  more  wide- 
spread than  it.  It  could  be  no  other  than  that  which  originated 
the  conglomerate  rock  itself.  On  the  supposition  that  this  folia- 
tion is  the  original  sedimentary  bedding,  it  is  easy  to  understand 
that  nuder  the  action  of  sedimentation,  all  stones  would  lie  on 
the  bottom  flatwise — or  nearly  all — and  that  they  woold  agree 
in  their  principal  dimensions,  with  the  bedding  planes.  This 
force  then  may  have  put  all  these  stones  iu  the  sediments  in  a 
uniformly  flat  direction,  coincident  with  the  bedding  and  none 
of  them  may  have  been  changed  in  shape  since  they  were 
deposited. 

If  the  structure  referred  to  here  as  foliation  be  not  the  result  of 
true  sedimentary  bedding  it  must  be  due  toa  semi-fluid  condition 
of  eruptive  rock,  in  other  words  ajtotoage  tti-Kcture,  under  which 
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tliere  would  beth«  same  tendency  for  all  harJenetl  rocks  of  simi- 
lar character,  inclosed  in  the  pasty  or  molten  mass,  to  arraiige 
themselvea  parallel  ivitli  the  direction  of  the  slow  movement, 
especially  if  it  be  one  accompanied  by  a  progressive  accumu- 
lation. 

In  the  central  part  of  Stuntz  island  the  structnrc  of  the  I'ock 
varies  in  belts,  along  indistinct  lines  of  contact.  The  rock  is 
cs.sentially  alike  in  compasition,  hnt  different  in  the  fineness  of 
the  sub-crystnllino  grains  and  in  the  schistic  structure.  The 
finer  grain  and  structure  are  apparently  cnt  acro-ss  by  lines  of 
contact  with  other  rock,  but  a  parallel  schistose  structure, 
though  coarser,  is  perpetuated  in  the  ooai-ser  rock.  Thesii  are 
both  without  apparent  bouldtra,  are  fine-grained,  feldspathic, 
without  apparent  free  qnaitz,  and  are  represented  by  2  (H),  tli« 
coarser  one  embracing  small  lenticular  bits  of  soU,  greenish  ser- 
pentinous  slate.  They  both  have  an  imperfect  basaltic  jointage. 
Beyond  these,  that  is,  toward  the.  south,  a  coarser  rock  again 
comes  in,  having  asimilar  abrupt  line  of  contact  and  trau-sition, 
thefine-grained  belt  being  about  12  feet  across.  Thishasthcsanie 
general  color  and  fini^ly  subcrj-stivllinefeldspathic  composition, 
butisnotsocomplctelyliomogeneous.  On  careful  e.Yamiuation and 
particularly  on  weathered,  or  burnt,  surfaces,  cjin  be  seen  dis- 
tinctly, small  areas  of  lighter  color  and  denser  grain,  thoufrh 
more  porphyritic,  with  some  elongation  in  the  direction  of  the 
Bchistosity.  The  form.s  of  these  areas  are  seen  to  be  rounded 
whenever  their  shapes  are  made  evident  by  the  exfoliation  of 
the  surfiice  by  the  action  of  the  fires  that  have  rendered  the 
island  nearly  bare  rock,  simulating  those  of  the  conglomerate, 
and  suggesting  that  even  within  this  homogeneous  rock  are  still 
the  nuclei  of  pebbles  and  stones,  and  that  the  whole  of  it  may 
have  be^n  at  first  a  coarse  conglomerate  of  pebbles  of  one  sore 
of  rock.  The  following  figure  (So.  35)  shows  this  manner  of 
alternation  of  differently  schistose  belts. 
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There  are,  then,  steps  of  change,  so  far  as  Z  can  see  from  No.  1 
(H),  throDgh  2  (H)  to  874,  that  show  that  the  igoeoms  characters 
of  such  rock  as  is  basaltic  or  dike-like,  can  be  referred  to  a  fused 
conditioD  of  the  rock  constituted  of  conglomeritic  matter, 
and  the  subsequent  mingling  of  the  molten  rock  Vith  that 
which  was  semi-molteo,  and  that  which  was  simply  plastic,  or 
that  remained  rigid.  Whatever  the  original  genesis  of  one, 
was  also  that  of  the  other.  Whether  the  fused  condition  was 
prior,  or  subsequent  to  the  formation  of  the  mass  as  rock,  is  not 
here  considered.  It  is  evident,  from  these  fbcts,  only  that  the 
coarsely  fragmental  state  was  very  widespread,  permeating 
even  very  fine-graiued  rocks,  and  that  the  evidence  of  heat,  and 
even  fusion,  extends  through  both.  In  that  sense,  if  in  nothing 
farther,  they  are  both  igneous  rooks,  but  they  may  not  have  come 
from  any  deep  source,  like  the  green  dike-rock  of  Nob.  S72  and 
873. 

At  about  ten  rods  south  from  the  point  from  which  was  taken 
the  sketch  of  Fig.  35,  the  coarsely  conglomeritic  rock  rises  in 
great  domes  that  show  their  coarse  boulders  by  the  blQtches  that 
appear  on  the  surfhce,  as  well  as  by  differences  in  texture  and 
some  variation  in  composition — though  here  also  a  general 
8ameu«6s  of  mineral  character  pervades  both  the  boulders  and 
the  matrix. 

Abont  the  shore  of  Stuntz  bay,  except  where  boulders  consti- 
tute the  shore- line,  and  on  the  islands,  this  conglomeritic  rock,  or 
some  phase  of  it,  is  seen,  with  only  one  exception.  That  excep- 
tion is  on  the  point  at  the  extreme  southeast  corner  of  sec  21, 
62-15,  and  on  the  island  adjacent  whei-e  bedded  graywacke  slate 
appears.  It  stands  nearly  vertical,  but  dips  north,  80°-8S°,  and 
runs  under  some  rock  like  that  of  the  north  side  of  9tunte  island, 
the  latter  here  acting  like  an  eruptive  rock  in  being  non-con- 
formable with  the  bedding  of  the  slates.  This  slate  varies  in 
strike  so  that  in  some  places  the  schistose  structure  makes  a 
sharp  angle  with  the  bedding.  At  this  place,  as  well  as  on 
Stuntz  island,  and  at  Pike  river  falls,  there  is  evidence  of  twist- 
ing and  warping  made  since  the  production  of  the  schistose 
structure. 

The  poiut  southwest  from  Stnntz  island  is  made  of  the  same 
kind  of  rock  as  Stuntz  island .  It  rises  fifty  feet  above  the  water, 
nearly  vertical,  but  in  some  places  the  evident  structure  dips 
toward  the  south.  In  some  places  it  shows  lenticular  masses  of 
rock  not  conglomeritic,  qoartzose  with  basaltic  jointage,  which 
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orowdB  over  and  cnts  across  the  scblfttose  structure  of  the  con- 
glomerate and  of  other  rock,  and  plays  the  role  of  an  igneous 
rock.  This  is  represented  by  No.  1  (H),  though  the  rock  having 
this  number  was  not  obtained  here.  The  rock  having  this  igne- 
ous manner  seems  sometimes  to  be  Involved  in  the  conglomerate 
somewhat  like  a  dike,  bat  really  wedging  out  toward  the  east. 
Ite  contact  with  the  conglomerate  shows  nothing  noteworthy. 
There  is  nothing  indicating  any  effect  that  it  had  on  the  con- 
glomerate. There  is  simplyanabrupt  transition  from  aschiatose, 
coarse  rock  with  boulders  to  one  without  boulders,  of  abont  the 
same  color,  massive  or  coarsely  jointed  in  a  basaltiform  man- 
ner, and  homogeneous  in  mineral  characters. 

At  the  head  of  the  small  bay  at  the  S.  W.  i  of  sec  21,  62-15, 
is  a  breeciated  condition  of  the  various  schists  of  the  r^ou. 
Toward  the  northwest  from  this,  on  the  point  extending  into 
the  lake  in  the  S.  E.  i  of  sec  20,  62-15,  were  made  many  int^er- 
eeting  observations.  Some  of  these  have  been  given  in  the 
former  chapter  in  discussing  the  origin  of  the  iron  ores,  and 
some  others  are  given  below. 

The  point  in  8.  R  t  of  sec  20,  6:!-15,  embraces  a  varied 
geology.  There  is  a  confused  breccia,  or  apparently  a  mingling 
at  least,  of  graywacke,  argillyte,  sericitic  schist,  conglomerate 
and  felsyte.  Graywacke  and  argillyte  constitute  the  greater 
part  of  the  rock  at  the  surface,  particularly  dn  the  northern  por- 
tions of  the  peninsula.  The  bedding  direction  of  this,  while 
distoi-ted  and  reversed  over  small  spaces,  yet  runs  in  general 
nearly  coincident  with  the  schistose  structure,  and  is  nearly  ver- 
tical. Toward  the  south  further,  the  peninsula  develops  into  a 
prominent  ridge  elongated  northwest  and  southeast,  consisting 
of  a  coarse  breccia  of  jaspilyte.  This  extends  several  rods, 
gradually  acquiring  more  rounded  pebbles  of  jasper,  then 
rounded  pebbles  like  those  seen  in  the  Stuntz  island  conglomer- 
ate (the  jasper  pebbles  becoming  white  quartzyte),  and  at  last, 
just  before  it  disappears  on  the  east  side  of  the  point,  it  presents 
very  much  the  aspect  of  the  conglomemte  which  forms  the  bold 
shore  line  on  the  north  side  of  the  point  in  sec.  21,  and  which 
extends  to  Stuntz  island.  About  half  the  pebbles  are  of  white 
quartzyte,  the  rest  being  white,  gaartzose  porodyte.  It  has  some 
bands  of  fine  greenish  schist  running  conformably  through  it, 
the  same  also  forming  the  matrix. 

Further  north,  on  the  same  point,  near  the  centre  of  the  quar- 
ter-section, is  another  exposure  of  jnsptlyto,  some  of  it  being 
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lieiiiatitic.  It  i."  twistetl,  broken,  and  in  general  has  a  banded 
stiike  toward  the  uoi'th,  then  to  the  northwest,  and  then  about 
west,  and  suddenly  i^ase-s.  It  gi-aduates,  toward  tlie  north  flu- 
llicr,  into  the  same  green  schist,  which  at  once  becomes  a  con- 
glomerate of-  white  quartzyte  and  porodyte.  This  jasper  area, 
which  rises  so  as  to  t'orin-sonie  of  the  higher  parts  of  the  penin- 
sula, is  itself  a  conglomerate,  as  it  holds  some  rounded  as  well  as ' 
nngnlai'  pieces.  Indeed  there  are  strata  or  belts  of  fine  janper- 
cungloiuerate,  with  the  schist  matrix,  running  zigzag  through 
the  coarse  mass,  not  conformable  with  the  banding  of  the  main 
Jasper  masses,  but  at  various  angles.  In  the  midst  of  the  whole 
can  sometimes  iie  seen  small  patclies  of  the  green  schist  that 
forms  the  matrix. 

Apparently  the  green  schist  hei-e  mentioned  is  the  same  a.s  that 
seen  at  the  mines  at  Tower  unconformable  on  the  jaspilyte.  It 
seems  to  graduate,  on  sec.  20,  62-15,  into  the  rock  No.  1  (H), 
which  has  many  features  of  an  igneous  rock.  THiis  last  is  found 
a  little  west  of  the  conglomerate  areas  last  mentioned,  on  the 
same  peninsula,  and  is  associated  there  uncouformably  with 
graywacke  and  argillyte.  It  is  not  here  generally  spread,  bnt 
a  patch  about  30  feet  across  strikes  diagonally  across  the  gray- 
wacke. It  has  a  perfect  bitsaltic,  columnar  structure,  and  con- 
tains seuii-ronnded  quartz  grains  distributed  somewhat  like 
quartz  in  a  porphyry,  though  not  of  uniform  size.  It  appears 
as  if  it  could  have  been  produced  by  the  fusioii  of  the  materials 
of  the  surrounding  i-ock.  This  belt  extends  toward  the  east,  bnt 
secerns  to  divide  into  two  i)arls.  At  a  place  northeast  from  where 
this  rock  divides,  following  an  exposed  low  ridge  of  rock,  mostly 
of  slaty  graywacke  and  gi-aywackc,  the  latter  rock  id  seen  to 
change  across  the  bedding  to  fissile  argillyte,  then  to  sericitic 
(?)  schist,  then  to  hold  masses  of  jaspei-y  quartzyte  and  black 
chert,  the  schistose  structui-e  winding  about  them,  and  tilling  all 
their  sinuosities,  the  same  as  noted  north  of  Tower.  This  obser- 
vatiuu  shows  the  intimate  relation  between  this  green  schist  and 
the  argillyte,  one  changing  to  the  other. 

In  this  gri'eu  schist  arc  not  only  large  masses  of  jaspilyte  but 
pebbles  of  granular  white  quartxyte,  like  the  "chalcedonic 
quartz"  of  the  ore- rock,  some  of  the  latter  being  an  inch  or  two 
in  diameter. 

The  same  basaltic  rock  is  found  on  a  small  island  about  25  feet 
across,  just  uorth  of  the  point  last  mentioued,  but  here  it  is 
finer-grained. 
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The  larger  island,  io  the  east  half  of  sec.  20, 62-15,  coi>sists  of  con- 
glomei-ate,  rising  about  20  feet  above  the  lake.  Theiuclosiiiefiare 
of  all  sizes  up  to  a  foot  in  diamet-er.  There  is  a  vertical  schistose 
structure  running  about  esist  and  west,  in  which  all  the  rounded 
masses  seem  to  have  beAi  eompressed  and  elongated.  Some  of 
th4  iucludcd  masses  are  banded  black  chert,  eight  to  ten  inches 
long. 

The  shore-line  of  the  bay  in  thesouth  partof  see.  20,'62-15,  is 
chiefly  occupied  by  boulders,  but  graywacke  appears  on  the 
western  side,  nearly  where  the  section  line  intersects  the  shore. 
Further  west,  on  the  point  in  the  S.  W.  J  of  sec.  20,  62-15,  is 
seen  a  good  exposure  of  bedded  graywacke  rising  gently  from 
the  waterlevel,  smoothly  glaciated,  but  exhibiting  the  anoma- 
lous strike  N,  W,  and  8,  E.  The  point,  a  little  further  from  the 
water,  rises  to  about  fifteen  feet.  Thence  to  Hoodoo  point  the 
shore-line  is  formed  by  drift  materials. 

Some  small  islands  in  Vermilion  lake.  Kid  island,  which  is  in 
the  S.  E.  }  of  sec.  18,  62-15,  rise*  about  twenty-five  feet  above 
the  lake.  It  consists  of  a  slaty  graywacke  on  the  south  side,  and 
the  felsitic  rock  seen  on  Ely  island,  on  the  north  side. 

The  island  in  the  S.  E.  i  of  sec  7,  62-15,  has  on  the  north  side 
an  expoenre  of  "sericitic"  schist,  with  abuudsAit  interlami- 
nations  of  silica,  or  siliceons  material,  dipping  80°  toward  the 
north.  The  silija  bands  here,  in  their  manner  of  distribution, 
resemble  those  that  gradually  encroach  on  the  green  schist  at 
poiut«  noted  north  of  Tower,  where  the  fragmental  jaspilyte 
fades  out  and  gives  place  to  the  schist  entirely.  This  rock  forms 
the  islaud. 

Key  island,  which  is  situated  in  the  southern  part  of  sec.  11, 
52-15,  is  underlain  by  graywacke  rock,  visible  at  the  soatltwest 
.  and  the  eastern  ends  of  the  island,  but  the  small  islands  south  of 
*  the  eastern  extremity  of  Key  island,  in  see.  11,  t>2-15,  are  com- 
posed of  the  felsitic  conglomerate  the  same  that  form.s  Ely 
island. 
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KAWASACHONG     FALLS,    KiWISHIWl    BIVBR,    BIBCH    LAKE  AKD 
BITEB  AND  DUNKA  BITER, 

Kawaaachong  falls.  This  fine-water  power  is  formed  by  the 
Kawishiwi*  river  near  its  entrance  into  Fall  lalte.  It  is  repre- 
sented by  the  accompanying  sketch,  which  was  drawn  by  Mrs. 
M.  S.  Mowry  from  a  photograph  made  by  the  writer  in  'August, 
1886. 

The  rock  here  exposed  was  referred  to  in  the  report  of  1880 
(No.  356).  It  is  an  important  and  typical  rock  of  the  region, 
and  aeema  to  play  a  leading  part,  in  towns  further  south  and 
east,  in  producing  some  of  the  principal  topographic  features. 
It  is  represented  by  samples  997,  998  and  999.  It  is  a  green 
doleritic  rock,  more  or  leas  affected  by  decay,  lies  in  heavy, 
irregnlar  bedding  that  slopes  northward  at  a  greater  angle  than 
the  descent  of  the  river  through  the  rapids  from  Garden  lake  to 
Fall  lake.  This  bedding  is  variously  blocked  out  by  joints,  and 
sometimes  it  shows  a  colnmuar  structnre.  The  beds  are  uncon- 
formable with  some  jaspilyte  which  appeara  on  the  right  hank 
near  the  head  of  the  rapidfi,  and  on  the  trail  near  the  same  place, 
apparently  lying  on  the  upturned  vertical  beds  of  the  jaspilyte. 
This  jaspilyte  is  more  correctly  styled  a  magnetic  quartz-schist. 
It  stands  in  sheets  nearly  vertical,  yet  dipping  north.  It  is 
dark -colored,  but  sometimes  is  reddened  with  hematite.  Sample 
No.  1000. 

This  heavily  bedded,  rough,  refractory  doleritic  rock  can  be  of 
no  other  than  eruptive  origin.  It  is  supposed  to  be  inferior  to 
the  principal  gabbro  masses  of  theMesabi  range,  as  will  appear 
by  further  descriptions,  and  some  phase  of  it  forms  the  contact 
rock  on  other,  nearly  vertical,  strata  in  nearly  all  places  where 
the  junction  line  can  be  seen.  It  extends  southward  indefinitely, 
giving  some  characteristic  outcrops  on  Garden  lake  and  in  the 
eastern  portions  of  Siawishiwi  valley. 

The  geological  situation  ab  Kawasachong  falls  is  expressed,  in 
general,  by  the  following  diagram,  which  shows  a  section  north 
and  south  through  the  falls: 

•The  Onnd  Minis  Indlau  mppLy  tbe  Fwme  A'amuachin?  laFilllake.nieaniDgmln  or  foniu 
lake,  referring  lo  the  apav  and  nilit  produced  by  iboe  rills,  rLslble  lo  the  cuioe-iutui  who 
CDUIa  along  ttK  shore  pul  the  moulb  of  thl9,rivr>r.  Tills  niiue  and  this  spelling  were  ulilslni.^1 
of  (he  oelL-knowD  Indian  guide  sod  (npper,  Paul  MonisOD,  bv  the  wrller  In  1878  floi,  on 
•ccounl  of  Kuie  donbt  of  tholr  earrectneu,  thty  irera  HgalD  given  bj  him  lo  the  vrlterln  ISSS. 
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—ProJUe  through  Kaicaeachonff  falls,  from  RiU  take  to  Gar- 
den lake. 

The  south  shore  of  Fail  lake.  Westward  from  the  mouth  of  the 
Kawishiwi  rirer,  the  rock  that  forms  the  falls  coiitinues,  forming 
rather  hijjh  land,  particularly  in  the  point  thatprojects  into  sec, 
17,  63-11.  It  appeal's  at  the  shore  on  the  point  in  the  K.  E.  cor. 
of  sec.  19,  63-1 1,  where  the  bluff  riaes  about  twenty  feet. 

Near  the  centre  of  sec.  19,  63-11,  at  the  lake  shore,  is  a  confused 
"sericitic  schist,"  near  the  water,  coarsely  fisaile  lenticnlarly. 
not  soft,  bat  with  a  jagged  upper  sarfaoe,  represented  by  No. 
1004.  The  prevailing  structure  in  this,  dips  southerly.  Above 
this  rock,  in  the  same  bluff,  is  a  rock  represented-  by  1005, 
which  is  a  doleritic  rock,  probably  the  representative  of  the 
Kawasachong  falls  rock.     It  has  a  coarse  jointage,  and  an  irreg- 
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Pig.   38. —  ^luff  west  of  Kawasachong  faUs,  south  shore  of  FWl 

lake. 
ular  coarse  bedding  that  dips  about  K.  W.  at  an  angle  of  30° 
from  the  horizon.  This  can  not  be  seen  here  to  overlie,  nor  to 
pass  into,  the  rock  near  the  water  (1004)  but  it  is  possible  that 
the  rock  near  the  water  is  only  a  rott«d  and  disintegrating  condi- 
tion of  that  in  the  upper  part  of  the  bluff.  There  is  a  greater 
difference  in  the  outwai-d  prevalent  structure  than  in  the  min- 
eral composition. 
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At  the  sharp  point  projecting  southwestward,  « little  further 
soathwest,  bat  near  the  centre  of  the  same  section,  is  an  inter- 
esting exposure  which  seems  bo  shed  light  on  the  natare  and  ori- 
gin of  the  rock  forming  the  Eavasachong  tails.  A  rock  which 
resembles  the  schist  No.  1004  occnpies  the  lake  shore  nearly 
all  about,  at  the  water  level.  Bat  at,  or  near,  the  extremity  of 
the  point,  on  the  north  side,  the  rock  which  forms  the  falls  of 
the  Kawishiwi,  and  which  seems  to  be  continuous  to  this  place 
in  the  uplands,  appears  in  the  form  of  a  dike  rising  through 
those  schists,  the  contact  on  the  south  side  of  the  dike  being 
plainly  visible.  One  is  crumpled  athistose,  fine-grained,  hard- 
«ued,  the  schistose  structure  running  N.  K*.  £.,  at  an  angle  of 
about  75°  ft'om  the  horizon;  and  the  other  is  coarsely  jointed, 
the  main  jointage  system  being,  as  stated  before,  at  an  angle  of 
about  30°  from  the  horizon.  The  colors  of  the  two  approach  the 
same  tint  of  doleritic  green,  and  the  hardening  action  of  the 
dike  is  perceptible  for  some  distance  on  the  schist.  The  sketch- 
map  on  next  page  (Fig.  39)  shows  the  relative  position  of  this 
dike,  and  the  sliape  of  the  joint  formed  by  it. 

One  of  the  interesting  points  about  this  exposure  is  the  widen- 
ing of  the  area  of  the  eruptive  rook  toward  the  east,  by  means  of 
overlie  on  the  schists.  This  is  inferred  to  have  taken  place  at 
other  places,  notably  on  the  jaspilyte  near  the  head  of  the 
rapids  from  Garden  lake,  as  shown  by  Fig.  37,  bat  at  no  place 
has  the  actnal  contact  lUid  overlie  been  seen  so  boldly 
exhibited  as  at  the  place  indicated  od  the  map. 
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Fig.  39. — (Scetck-map  of  a  point  om  thetoutk  diore  of  Fall  iake. 

A  croflB-eection  or  the  poiot,  showing  this  overlie,  Toold  be 
aboat  38  represented  by  Fig.  40,  the  observer  looking  aboat 
N.  E.  The  line  of  contact,  and  or  change  of  stractare  is  not  so 
abrapt  as  the  fignre  indicates,  the  eruptive  rock  being  welded 
on  the  schists,  the  schists  beoomlDg  diabaeic,  and  making  a  rock 
(timilar  to  that  which  is  seen  on  the  eastern  hninchee  of  the 


Fig.  40. — Ooerjiomng  dike-rock  It/ing  on  schist. 
KiiwUhiwi  where  the  same  conjonclion  of  geological  featnree  is 
exhibited.  The  entire  transition,  excepting  the  general  hard- 
ening of  the  schists,  is  completed  within  the  space  of  an  inch, 
or  even  less.  Indeed  on  close  inspection  it  is  apparent  that  a 
m<Te  film,  or  a  line  only,  evident  on  the  face  of  the  bluff  by  a 
tlire^td-like  groove,  separates  the  two  rocks  in  many  places. 
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!No.  1006  represents  the  schist  near  the  dike. 

No.  lOOT,  small  specimen  of  granular  quartz  with  pyrite  dis- 
seminated, got  in  contact  with  1006.  There  is  very  little  of 
this.  It  is  evidently  dae  to  the  effect  of  the  dike  on  the  rock 
through  which  it  comes. 

1008.     Obtained  two  feet  from  the  dike,  on  the  south  side. 

1009  is  a  sample  of  the  dike-rock. 

1010  represents  the  contact,  containing  some  of  each  rock,  at 
the  place  repre^nted  in  Fig.  41.  But  this  specimen  does  not 
fairly  show  the  flowage  structure  in  the  diabase.  It  is  difficalb 
to  get  a  specimen  containing  all  the  characters. 

Parallel  with  the  line  of  contact,  in  the  diabase,  the  weather 
brings  to  light  what  might  be  styled  properly  a  flow^e  structare, 
while  the  schistose  structure  is  continned  in  the  schists  sqaarely 
np  to  the  line  of  contact,  the  two  systems  of  lining  making  an 
angle,  at  the  contact  line,  of  about  20  degrees  as  in  Fig.  41. 


Fig.  41. —  Skowiiuf  the  line  of  contact  of  the  dike-rock  of  F^,  39  on 
the  schists,  and  the  fioicage  structure  in  the  dike. 
The  flowage  structure  in  the  diabase  extends  indistinctly 
sometimes  about  three  inches  from  the  line  of  contact.  It  is 
made  risible  on  the  weathered  surface  by  the  more  rapid  whiten- 
ing of  one  of  the  constituent  minerals  (probably  a  triclinic)  which 
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for  some  reason  was  disposed  along  the  contact  in  soniewliat 
greater  abnn dance  in  thin  parallel  lines. 

This  is  probably  bat  one  of  the  emaller  ontlets  for  tho  igneons 
rock  seen  at  Eawasachong  falls  and  further  soath  and  east.  It 
forms  a  great  stratum,  lying  anconformable  on  the  schists  here, 
apparently  descending  toward  thevalley  of  Fall  lake.  Whether 
it  was  contemporaneons  with  the  trap-rock  of  the  Gnpriferoos, 
remains  to  be  eeen  by  farther  investigation,  likewise  whether  it 
is  older  or  more  recent  than  the  gabbro  rock  of  the  Mesabi 
range. 

A  trail  passes  south  from  the  bay  in  sec.  19,  63-11,  to  the  head 
of  the  bay  extending  from  Garden  lake  into  sec.  30,  63-11.  In 
the  S.  E.  i  of  sec.  19,  is  a  hill,  which  is  broad  and  heavily  tim- 
bered, and  at  various  places  near  the  top  are  ontorops  of  jaspi- 
lyte,  but  whether  they  are  transported  masses  from  the  main 
range  fttrther  south,  now  embraced  in  the  igneous  matrix  which 
forms  the  main  rock  of  the  hill,  or  are  themselves  a  part  of  the 
rock  in  gitu,  could  not  be  learned  from  any  observations  made. 
The  jaspilyte  is  more  nearly  a  black  banded  magnetited  qnartz 
schist.  At  one  point  some  surface  working  has  been  done,  bnt 
there  is  shown  no  dip  or  strike,  simply  a  breccia  of  quartz-schist 
cemented  by  quartz  veins.  The  rock  of  the  bill  on  which  tbis 
occurs  is  represented  by  'No.  1011,  which  waa  seen  at  a  number 
of  places  in  small  outcrops  between  the  lake  shore  and  the  top 
of  the  hill.  It  is  essentially  the  rock  that  forms  the  Kawasa- 
choDg  falls. 

The  qaartz-scbist  last  mentioned,  containing  veins  of  silica,  is 
cemented  in  the  form  of  a  breccia.  The  qnartz  in  these  veins 
has  the  appearance  of  being  "  chalcedouic,"  like  the  quartz 
interleaved  with  the  jaspilyte  at  Tower,  and,  on  disintegrated 
angles  projecting  beyond  the  rest,  it  shows  a  similar  granular 
structure.  This  may  show  that  this  was  a  breccia  earlier  than 
the  deposition  of  this  (supposed)  sedimentary  qnartz,  orthafcthe 
white  granular  quartz  at  Tower  is  not  sedimentary.  Sample 
1013  shows  these  veins  of  chalcedouic  silica. 

On  the  trail  running  south  through  sec.  19,  63-11,  afterpassing 
an  ircegnlar  elevation  that  seems  to  be  made  up  of  igneous  rock, 
and  then  a  low  space,  there  intervenes  another  ridge  made  of  a 
coarse  greenish  gray  rock  resembling  a  modified  graywacke  of  a 
rather  fine  grain,  No.  1014.  This  is  but  little  south  of  the  sec- 
tion line  between  19  and  30,  and  to  the  west  of  the  trail.  It  rises 
about  fifty  feet  above  the  trail.     Tbis  rock  seems  to  vary  toward 
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.  the  rock  that  makes  the  falls  of  the  Kairishiwi.  Bat  this  varia- 
tioD  is  due  probably  to  the  action  of  that  rock  upon  it  when  tlte 
two  came  into  contact  at  the  time  of  the  eraption  of  the  molten 
rock. 

At  the  lake  shore  in  the  N.  E.  i  of  sec.  30,  63-11,  Is  rock  No. 
1016,  which  is  identical  in  mineral  character  with  the  last.  Thia 
is  foand  where  the  trail  from  Falli'lake  reaches  the  bay  in  sec. 
30,  and  shows  its  sedimentary  origin  more  evidently  than  fur- 
ther north.  It  is  fine-grained,  brecciated,  ri8iD£*in  a  rough  aud 
coarsely  Jointed  manner  la  hills  about  60  or  60  feet  above  thq 
lake,  and  extending  in  a  series  of  short,  overlapping  ridges  west- 
ward, rising  a  hundred  or  a  hundred  and  fifty  feet  above  Garden 
lake. 

About  thronbg  the  centre  of  sec  30,  63-11,  runs  a  series  of 
ridges,  showing  more  or  less  of  jasper-hematite  (1016).  Their 
direction  is  ten  d^rees  sonth  of  west.  This  i-ange  isonthesouth 
side  of  the  hills  mentioned  (1015),  and  they  show  a  crumpled 
and  broken  banding  of  iron  and  jasper,  the  latter  being  some- 
times  red,  bnt  never  having,  so  far  as  seen,  a  persistent  dip  or 
strike.  Several  parties  have  located  land  for  iron-mining  in  this 
section. 

At  one  point,  east  of  the  centre  of  the  section,  the  bands  of 
jaspilyte  have  a  direction  N.  60°  E.  over  quite  a  large  area.  It 
is  associated  with  a  greenish  wackenitic  rock  which  seems  to  be 
worthy  of  the  name  of  porodyte  in  some  places.  This  donbtfnl 
rock  lies  both  on  the  north  and  on  the  south  sides  of  the  ore.  It 
is  not,  however,  apparently  conglomeritic 

This  ridge  or  series  of  ridges  continues,  with  about  the  same 
hight,  west  into  the  next  township,  veering  a  little  to  the  south, 
passing  through  thesouth  part  of  sec.  25,  63-12,  into  sees.  35,  34 
aud  33,  but  the  same  kind  of  rock  (1002  and  1003)  widens  out 
toward  the  norih  reaching  as  far  as  the  shore  of  Long  lake  in 
sec  28,  63-12,  where  it  presents  a  rough  and  broken  aspect.  It 
is  difficult,  iu  the  field  to  distinguish  rock  represented  by  1002 
aud  1003  from  1014  and  1015,  aud  still  more  difftcnlt  to  distin- 
guish it  from  1004  aud  1005.  It  is  hardly  sericitic;  it  is  fiinty  or 
felsitic.  It  is  in  huge  angular  mass  or  blocks.  These  have  a 
schistose  direction,  but  no  sedimentary  banding  1:3  apparent. 
On  the  trail  from  the  shore  of  Long  lake,  sec.  28,  63-12,  to  Pat- 
terson's trenches,  S.  E.  i  sec.  28,  63-12,  this  lock  forms  a 
ridge  that  rises  about  seventy-five  feet,  similar  to  that  mentioned 
in  see.  30,  63-11.    The  trend  of  the  schistose  struotnre,  in  sec.  28, 
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63-12,  is  apparently  northeastward.  It  acquires  silica  in  len- 
ticular sheets,  and  in  small  nodulee,  as  well  as  having  it  finely 
'dissemi  Dated  through  the  mass,  somewhat  in  the  manner  of  the 
green  schists  at  Tower.  It  also  becomes  flinty,  or  finely  felsitic, 
though  all  the  time  of  an  olive-green,  or  greenish-gray  color.  In 
some  places  it  looks  some  like  the  well-known  graywacke,  of  Ver- 
milion take,  but  it  is  not  arenaceous  like  that,  nor  bedded  in  rega- 
lar  sheets.  Its  analogue  at  Vermilion  lake,  if  it  have  any  there, 
vonld  be  fonfld  in  tbe  porodyte  in  the  north  side  of  3tuntz 
island.  It  is  not  always  brecciated,  and  in  irr^nlnr  angular 
masses,  such  as  represented  by  1002,  but  is  sometimes  incHoed 
to  be  schistose,  or  perhaps  slaty,  as  shown  by  No.  1003,  got 
abont  midway  between  Long  lake  and  Patterson's  trenches. 

About  Garden  take.  The  island  ia  sec.  20,  63-11,  near  the  oat- 
let  of  Garden  lake,  consists  of  the  same  rock  as  that  at  Kawasa- 
chong  t^Us, — a  green  disabase,  bnt  has  some  of  the  schistose 
fitractare  due  to  disintegration  that  is  visible  at  the  falls.  Bat 
the  greater  part  of  it  is  entire,  or  massive.  Similar  rock  ex- 
tends along  the  shore  of  the  lake  southwest  from  this  island, 
nearly  to  the  blaff  at  the  head  of  the  bay  in  sec.  30  where  it  gives 
phice  to  a  changed  graywacke  (1014),  as  already  noted.  In  one 
place,  on  the  north  side  of  this  long  arm,  abont  in  K.  W.  i  of 
sec.  29,  63-11,  this  is  so  much  changed  by,  and  mingled  with, 
diabase  that  it  does  not  differ  much  from  the  diabase.  The  most 
notable  difference  is  in  having  a  pinkish-red,  weathered  exterior, 
in  some  small  areas,  and  in  being  porphyritic  and  qoartzose  in 
others.  It  has  a  streamed,  or  flow^e  strnctare  in  narrow  belts 
that  sarroond  lenticular,  strnctareless  areas  from  six  inches  to 
twelve  inches  in  diameter. 

On  the  point  on  the  south  side  of  the  lake,  in  the  8.  W.  i  of 
sec.  21,  63-11,  is  black,  or  red,  jaspilyte,  so  far  as  visible  mainly 
in  loose  pieces,  bat  so  abandant  that  the  bed-rock  must  be  near. 
These  are  nnder  water  except  at  very  low  stage.  The  black, 
magnetited  condition  of  this  jaspilyte  is  less  able  to  resist  frost 
and  weather,  separating  in  curving  and  conchoidal  sheets  paral- 
lel with  the  bedding. 

There  will  be  some  difQcalty  in  separating  by  mapping,  if  not 
by  obvions  mineral  characters,  the  changed  graywacke  seen  abont 
the  west  arm  of  this  lake  and  elsewhere,  from  the  diabase.  I 
can  not  do  it  in  the  field  with  satisfaction.  It  will  require  a 
more  carefnl  study  of  the  specimens  collected.  Still  this  belt  of 
rock  so  indefinite  is  not  very  wide.     It  pertains  to  the  contact 
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phenomena.  There  is  a  wide  distinction  apparent  between  the 
typical  rocks,  and  aometimes  these  differences  are  broaght  into 
abmpt  contrast  by  a  sudden  transition,  bat  it  is  nsnally  not  ao. 
The  transition  is  nsnjQly  gradual,  the  more  enduring,  noticeable 
distinction  being  a  lighter  green  color,  and  a  slliceoos  aspect  in 
the  wackenitic  rock,  i.  a  an  acidic  character,  and  a  dark-green 
or  basic  character  in  the  diabase. 

Aboat  on  the  section  line,  between  sees.  21  and  28,  63-11,  on 
the  sontb  side  of  the  lake,  just  south  of  the  little  point  at  which 
appear  the  forc^ing  detached  fragments  of  jaspilyte,  1b  an  ' 
exposureofgreendiabaseoverwhich  one  may  walk,  on  a  glaciated 
'  snr&ce,  for  a  distance  of  fifty  or  sixty  rods.  This  is  at  the  level 
of  the  lake,  and  la  partly  flooded  when  the  water  is  high.  Here 
can  be  read  a  rery  instmotive  lesson  in  metamorphism. 
There  is  a  transition,  under  the  varying  inflaenoe  of  the  lake  at 
higher  or  lower  levels,  and  the  slight  difference  in  crystalline 
texture  at  different  places,  on  the  same  rock  aarfoce,  from  nearly 
a  maaaive  doleryte  to  a  green  chlorite  schist.  The  gradations  in 
stmcture,  color  and  mineral  character  are  indistinguishable 
from  foot  to  foot  over  the  surface,  but  the  extremes,  exhibited 
at  the  oppotite  ends  of  the  uncovered  rock-beach,  are  so  great 
that  one  would  hesitate,  without  such  ocular  demonstration,  to 
admit  that  they  are  different  conditions  of  the  same  rock.  Per- 
fect facility  here  is  afforded  for  the  inspection  of  every  inch  of  this 
rock-surface.  This  is  the  doleryte  (or  diabase)  that  has  been 
referred  to  as  lying  nnconformably  on  the  jaspilyte,  and  as 
-constituting  the  rock  at  the  falls  of  Kawasachong.  It  here 
changes  to  a  green  chlorite  schist,  and  recalls  at  once  the  greeu 
«chi8t  seen  to  have  the  same  relation  to  the  jaspilyte  at  Tower. 
It  almost  demonstrates  the  eruptive  origin  of  that  green  schist. 

1017.  Green  schist  with  disseminated  striated  crystals  of 
white  calcite  that  rapidly  effervesce  in  acid,  and  some  granular 
(t)  quartz,  such  as  seen  ia  the  green  schist  at  Tower,  in  small 
lenticular  patches.  From  the  foregoing  outcrop  S".  W.  )  of  sec. 
28,  63-11. 

1016.  Similar  schist,  from  the  same  exposed  snrgice  but 
showing  no  white  cryatala;  same  place. 

1010.    Similar  schist,  lees  sdiistose;  same  place. 

1020.  Similar  rock,  hardly  schistose;  same  place. 

1021.  Similar  rook,  but  evidently  changed  from  an  igneous 
rook;  same  place. 

1022.  Changed  doleryte;  same  place. 
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1023.  From  the  midat  of  the  very  schistose  parte  (1017-1018) 
showiog  a  preservatioD  of  firmnees  aod  massive  straclare  in  some 
places;  from  the  same  place. 

The  strike  of  the  schistosity  is  E.  23)  degi^ees  X.  and  vertical. 
There  is  no  banding  of  sedimentary  strnctnre  in  this  I'ock. 

On  an  island  abont  three-foarths  of  a  mile  farther-east,  in  the 
bed  of  the  river,  the  strike  of  the  schist  is  E.  16  degrees  N. 
It  here  verges  more  evidently  toward  the  Kawasachong  fallB 
rock. 

At  Qainn's,  K.  W.  1  of  sec.  27,  63-11,  among  the  bonlders  of 
granite,  eta,  are  some  of  jasper  and  hem^ite.  The  rock  in  ont- 
crop  is  diabasic,  apparently  belonging  to  that  last  mentioned, 
thoagb  veatheriDg  rather  light-colored,  and  in  that  reepect  re- 
sembling the  modified  graywacke. 

At  Julian  Bansman's,  S.  W.  1  sec.  23,  63-11,  is  a  good  showing 
of  iron,  thoagh  visible  in  several  isolated  outcrops,  and  at  do 
place  in  large  amonnte.  It  is  not  worked  yet,  nor  nncovered. 
It  is  probably  in  the  range  of  that  noted  in  the  S.  W.  i  of  sec 
21,  63-11,  and  appears  like  it.  Mr.  Bansman  says  it  is  traceable,, 
by  needle  mainly,  being  magnetic  and  rather  black -red,  through 
the  rest  of  this  section  and  eastward.  Bock  No.  1024,  ob- 
tained at  Bansman's,  S.  W.  k  of  sec  23,  63-11,  is  a  somewhat' 
schistose  magnetic  iron  ore.  This  does  not  show  the  osnal  char- 
acter of  the  ore  here,  so  for  as  can  be  seen,  bnt  one  of  the  forms 
it  takes. 

This  sample  gives: 

Iron 47.07  p.  c 

Titsninm ..tiacee. 

Chtomlnm none. 

In  sec.  21,  63-11,  aocording  to  Mr.  B.  Byrne,  a  ridge  of  black 
jasper  and  magnetite,  or  two  of  them  in  one  place,  extends  from 
near  the  east  side  of  the  section  nearly  due  vest,  becoming  in- 
volved with,  or  "covered  by,"  at  least  replaced  by,  aqnartzose 
poroditic  rock.  No,  1  (H)  and  No.  283  (W).  After  an  interval 
of  abont  160  feet  of  this  rock,  the  same  black  rock  recnrs,  and 
extends  westwardly.  It  is  next  seen  fnrther  sontb,  where  it 
constitutes  a  distinct  ridge,  aod  is  traceable  through  two-thirds 
of  sec.  21.  This  iron  ore  is  represented  by  No.  1026.  This  iron 
range  seems  to  continue,  with  more  or  less  intermption, 
through  sees.  23  and  13  in  63-11,  and  appears  also  in  the  next 
town  east. 
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On  the  N.  W.  i  of  sec  28,  63-11,  a  diabasic  green  rock  (949) 
cuts  a  greenish,  hard,  finely  schistose  rock  (948),  the  contact 
being  well  exposed  on  the  south  side  for  a  distance  of  a  few  feet. 
A  schist  Boraewhat  rettembling  this,  but  more  nodalar,  and  more 
like  an  igaeons  breccia  of  schist  and  diabase,  forms  a  small 
island  in  the  S.  K  Mf  sec.  20,  C3-11.  It  dips  sonth,  bat  stands 
nearly  perpendicular. 

At  the  lower  end  of  the  rapids  which  are  formed  where  White 
Iron  lake  descends  to  (Jarden  lake,  S.  B.  i  oi  sec.  32,  63-11,  are 
two  short,  small  tunnels,  mnning  in  opposite  directions,  into  a 
siliceoDB  schist  or  bedded  qnartzyte,  which  disturbs  the  com- 
piles needle  by  magnetic  attraction.  It  dips  X.  TS.  E.  80*^-85°. 
It  is  somewhat  brecciated,  and  recemented  by  chemical  silica 
and  pyrites.  In  some  places  this  bedded  quartzyte  is  black,  and 
in  o&ers  blue,  soaoroos  and  brittle,  recalling  the  Animikie 
qaartzytes.  It  is  represented  by  950.  The  qnartz  in  which  the 
tunnels  were  exoaraied  is  represented  by  Xo.  951.  This  locfd- 
ity  is  known  locally  as  SUver  OUy,  so  named  by  toe  proprietor  of 
the  tunneling. 

At  the  upper  end  of  the  rapids  which  run  north  from  White 
Iron  l^e,  the  rock  is  aieaoeons  mageetic  quartz-schist,  dark 
colored,  becoming  greenish.  On  the  west  side,  near  the  level  of 
White  Iron  lake,  a  dike  of  greeostone  cuts  these  schists,  running 
about  east  and  west,  the  contact  being  plainly  visible,  the  change 
of  the  rock  being  abrupt.  In  some  large  loose  pieces  of  the  mag- 
netic schist,  lying  near  the  dike,  it  is  seen  to  become  garnetifer- 
ous,  and  also  has  pyrites  cubes.  The  beds  here  stand  nearly 
vertical. 

In  the  aortheru  part  of  sec  32.  63-11,  on  the  west  shore,  the 
diabase  schist  is  igneous,  resembling  mncb  that  can  be  seen  in 
the  Cupriferous. 

Note»  on  WhUe  Iron  lake.  The  syenite  along  the  west  side  of 
White  Iron  lake,  in  sec.  6,  62-11,  is  represented  by  No.  952, 
which  is  coarse,  weathers  red,  appears  like  an  eruptive  rock, 
has  contact  with  a  changed  "gabbro"  on  the  east  side  of  the 
lake  (about  centre  of  sec.  12,  62-12)  and  extends  south,  Thetrail 
which  passes  eastwai'd  from  White  Iron  lake  to  the  river  in  sec. 
19,  62-11,  passes  over  immense  and  oumerons  bonlders,  most  of 
them  being  of  coarsely  crystalline  syenite,  the  feldspar  being 
porphyritieally  distributed  (953).  The  river  evidently  some- 
times fioods  much  of  this  trail,  and  keeps  the  stones  free  from 
soil  and  vegetation.     This  rock  is  in  place  near  the  east  end  of 
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the  trail,  and  at  the  river  bank,  and  extends  northward  cansing 
the  foaming  rapids  through  the  N.  W.  }  of  sec.  19.  It  is  every- 
where homogeneons  and  massive.  Several  islands  in  White  Iron 
lake,  in  the  north  part  of  sec  24,  62-12,  are  made  apparently  of 
this  rock.  • 

As  to  the  age  of  the  syenite  abont  White  Iron  lake,  compared 
with  that  which  is  associated  and  interstratified  with  the  mica 
schist,  seen  on  the  northern  side  of  Vermilion  lake,  there  is,  at 
present,  no  certain  datum  on  which  to  base  an  opinioQ.  Its 
genetic  relations  have  not  (now)  been  made  oat,  and  its  geo- 
graphic position  and  stratigraphic  associations  are  the  only 
guides.  It  is  disconnected  from  the  other  area  by  lying  further 
south,  separated  from  that  by  a  belt  of  greenstoDe,  qnartzytee, 
schists,  nrgillytes  and  mica  schists.  Its  associations  are  not  very 
different.  Vfiins  or  dikes  of  it  are  seen  running  through  the 
doleiyte  along  the  west  side  of  White  Iron  lake,  in  a  manner 
analogous  to  those  seen  in  the  hornblendic-mica-schist  series  on 
the  north  shore  of  Vermilion  lake-  By  Dr.  Wadsworth,  as  de- 
scribed below,  it  cuts  mica-schist  and  quartzyte  near  the  north- 
ern limit  of  its  area,  at  the  north  end  of  Wliite  Iron  lake,  on  sea 
32,  63-11.  The  east  shore  of  White  Iron  lake  was  examined  by 
Dr.  Wadsworth  from  the  foot  of  the  lake  to  the  southern  ex- 
tremity, and  his  notes  are  given  bdow. 

Dr.  Wadstcorth'  a  notes  on  the  east  shore  of  White  Iron  lake : 

The  ialimd  in  this  lake  Ijing  In  aec.  33,  63-11,  imd  in  sec.  5,  62-11,  is  granite. 
However,  do  solid  gnuiite  ooald  be  found  in  pUce,  but  the  iragmental  portions 
had  evidently  been  formed  by  the  breaking  up  of  a  gmnltic  matia,  and  they  were 
in  place  or  nearly  bo  (1110]. 

At  the  foot  of  the  lake  or  its  northern  end  the  rock  is  a  schist  which  can  i>e 
filled,  owing  to  ite  varying  composition,  in  different  portiona  quartz,  boiii- 
blende  or  miin-achist,  Mc.  This  rock  Btands  nearly  vortical  or  witb  a  slight 
dip  from  the  vertical  towBidsthe  north.  The  strike  is  soQtherly  or  to  the  east 
of  south.  In  places  the  schist  is  ferruginous,  the  ore  being  principally  losgne- 
tite.  AlthoDgh  this  schistose  formation  is  sedimentary  and  nnlike  the  kke 
Superior  iron  ore  formation,  yet  it  will  donbtlees  be  compared  by  most  geolo- 
giete  with  the  latter,  as  it  in  placed  shows  similar  bondings  and  contortjotu. 
Yet  in  my  jndgment  the  two  formations  are  utterly  unlike.  This  schid 
has  evidently  been  altered  by  a  bonihlendic  granite  which  has  been  intrudid 
ttuoagb  it;  which  intrusive  rock  is  donbtleos  tbe  cause  of  the  indoraitiou  and 
contortion  of  the  schist  and  for  its  ferrusinons  material  becoming  ma^Detite. 

Nos.  nil,  1112,  1113,  1114  and  lllG  repre«ent  difi^rent  forms  of  the  same 
schist,  white  No.  1116  is  the  granite  at  some  distance  fiom  ita  contact  with  the 
schist^  and  is  the  same  as  the  gmnite  of  the  island  (No.  1110}  and  elsewheie 
about  the  lake. 
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Nos.  1117,  1118,  1119,  liao,  1121  and  1123  are  jnnction  speciraena  of  the 
gr&niM  au<t  its  contact  with  the  Bchist.  Noe.  1123  and  11S4  are  portions  of  the 
Hthist  which  hare  been  more  indurated  aDdalt«Ted  b;  contact  with  the  granite. 
Tb««e  specimens  were  taken  low  down  on  a  cliff,  while  all  the  other  contact 
apecimena  were  talten  higher  up  on  the  hillside  eicept  1122.  As  the  contact 
line  was  followed  up  the  hill  the  schist  is  fonnd  to  be  le«  iudanited.  No.  1125 
is  a  portion  near  the  lower  contact  (1123)  which  still  shows  the  schist  banding 
and  it  is  cnt  hy  two  granitic  veins. 

Xo.  1126  is  a  portion  of  the  edge  of  the  granite  at  the  contact,  which  is  filled 
with  fragments  of  srhist.  The  schist  extends  sonthwaidlj  on  the  lake  shoiei 
with  some  intenningled  granite  intruded  through  it,  for  abont  halfa  mUe. 

It  is  quite  difflcnlt  to  ascertain  the  strilce  by  the  compass  owing  to  the  mag- 
netite in  the  schists.  No,  1127  is  a  specimen  of  the  contorted  schist  with 
magnetite.  On  n  point  marked  on  the  mapoccurathegabhro  (No.  1138)  cnt  by 
the  intnurive  granite  (1139).       > 

No.  1130  is  the  contact  of  a  dike  of  this  granite,  with  the  ^bfaio  Uuoogh 
which  it  is  intruded.  No.  1131  also  shows  contacts  of  the  granite  and  gabbio. 
The  gabbro  mass  follows  the  lake  shore  on  a  bay  and  treads  eontheily  oi;  to 
the  east  of  sooth.  It  Is  coarsely  crystalline,  moch  altered  and  micaceous,  and 
would  be  called  hy  name  a  minett*.  Fragments  of  the  gabbro  are  inclosed  in 
the  granite. 

On  the  "meander"  line  between  sees.  6 aDd  7,  62-11,  granite  in «f(u occurs 
extending  both  north  and  south  of  that  line.  8outh  of  the  line  a  little  black 
homblendic  gneiss  (No.  1132)  was  otmerved  cnt  tbniagh  and  throngb  by  the 
jpmnite.  This  granite  extends  in  a  ridge  mnning  west  of  south  (■JO")  into  the 
interior.     All  the  granite  is  cut  by  dikes  of  micio-granito  (1133). 

Some  micaceous  gnbbro*  (1134)  is  seen  on  the  lake  sbore  in  sec.  12,  62-12. 
This  gahbro  is  cat  through  and  throngh  by  the  graitite.  The  rest  of  the  east 
shore  of  the  lake  to  the  point  where  the  main  stream  enters  fVom  Birch  lakeis 
granite,  and  most  of  the  way  the  rock  is  in  place.  In  some  plac«H  the  granite 
is  cut  by  a  dark  homblendic  rock  (No.  1135)  in  irregnlar  but  small  dikes.  The 
granite  closely  resembles  the  so-called  Laurentian  gneiss.  It  shows  btutdiug  or 
folhition  and  contains  fragments  of  schist.  The  banding  is  here  regarded  as  a 
foliation  caused  by  flnidal  structure;  while  othera  think  it  to  have  been 
produced  by  sedimentation. 

On  the  ridge  between  the  lake  and  ita  inlet  numerous  boulders  of  altered 
gabbro  (diory  te}  were  observed  cot  by  dikes  of  granite. 

Birch  river  and  Birch  lake.  The  fnrtber  notes  of  Dr.  Wads- 
worth,  OQ  Birch  river  and  lake,  are  as  follows: 

Following  up  the  river  from  White  Iron  lake  toward  Birch  lake  granite  in 
place  or  in  boulders  was  observed  to  extend  all  the  way  to  the  line  between 
sec.  31,  tf2-ll,  and  sec  8,  61-11.  At  this  point  the  granite  is  in  place,  and  it 
was  found  to  extend  on  the  west  side  for  about  half  a  mile  into  the  unsnrvcyod 

•The  rock  irbich  Dr.  Widiironh  hen  alyles  gibbro  It  *  part  of  the  ml»,4ii>inblaitd»«chtm, 
Mrid.  Itmijr  hn«beeDtRiglinllTagmbbra,batll  !•  not  conD«t«d  wllhthe  gnat  gabbro  (iT«r- 
flaw  which  kuDlfonol;  meoDtwbVD  gabbro  LBgpokenoI  ebeirhere  in  Ihli  nporl,  but  malt  hare 
been  of  mucb  earllei  date.  II  la  that  which,  at  the  weil  end  of  Urch  lake,  la  noted  aa  varying 
foim  hornblende  Kbiat  lomloa-scblat.aDdiatherein  Ibenme  way  cul  by  dik«ot"granlle." 
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T.  et.  Here  gabbio  (113S)  Appears.  This  ia  ranch  less  altered  than  the  pre- 
ceding gabbio  observed,  aud  it  bears  mnch  welt-raorked  feldspar.  From  this 
point  the  gabbro  extends  all  the  way  on  the  west  side  of  the  lake  nntil  the  lake 
poMesontofT.  61-11  into  61-13  at  the  sees.  30  and  35.  A  short  distance  to  the 
weet  of  meander  stakes  between  sea.  24  and  25,  61-12,  the  gabbro  becomes 
flne-grained  and  appears  as  if  it  ended  ss  a  fine-grained  diabasic  looking  rock, 
(1137). 

Jost  beyond  this  ni«  seen  fragments  of  a  peculiar  rock  reserabliug  an  indn- 
latod  sandstone  or  schist,  and  containing  much  magnetite  (113S). 

To  the  east  of  the  meander  comer,  between  sees.  '23  and  S4,  the  gianite  was 
ibnnd'in  place.  This,  like  niach  of  the  granite  previously  observed,  contains 
porphyritjc  crystals  of  red  feldspar.  No.  1139  was  found  in  place  jnst  weet  of 
the  same  comer. 

Here  some  boulders  of  schist  cut  by  granite  were  seen, 

Aboot  i  of  a  mile  west  of  the  comer  above  given,  the  gnuiite  waa  again  fonnd 
in  place  and  is  of  a  Gno-gtained  texture  like  a  micro-granite  (1110).  The  con- 
centric jointing  shows  excelJentty  well  in  places. 

On  the  east  side  of  Birch  lake,  about  N.  W.  1  of  sec.  20,  61-11, 
is  a  perpeodicalar  bluff  of  coarse  gabbro  rising  aboat  32  feet 
above  the  lake,  having  large  rhomboidal  fallen  masses  lying  at 
the  foot  It  faces  west,  and  shows  on  the  perpendicular  waJI  a 
coaise-bedded  stractare,  bronght  ont  by  the  grooves  that  ran 
across  the  vail  prodnced  by  unequal  weathering.  These  dip 
toward  the  south,  at  an  angle  of  forty  d^rees  from  the  horizon, 
the  large  grooves  being  from  three  to  five  feet  apart,  but  some- 
times having  more  frequent  finer  ones  between  them.  The  fol- 
lowing sketch  (Fig.  42)  illnstrates  this  bluff,  in  a  rough  way. 
The  grooves  are  very  r^ular,  bat  some  of  them  fade  out  in  pass- 
ing aJong. 


rtf.4.i. 


Fig.  42, — BedHed  gabhro  bluff,  east  tide  of  Birch  laJfe. 
These  grooves  are  due  to  the  weathering  out  of  a  mineral  which 
happens  to  have  been  more  abundant  in  these  lines,  compared 
to  the  other  minerals,  than  in  the  rest  of  the  rock.  This  same 
mineral  is  found  throughout  the  rest  of  the  rock,  though  not 
arranged  in  gneis.sic  order,  and  its  more  rapid  disintegration 
causes  nnmerons  small  pits  over  the  weathered  surface.      Oo 
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inspection  this  mineral  appears  to  be  'olivine;  the  rock  also 
tains  black  mica,  in  amoanb  greater  than  cnstomary  for  gabbro, 
!Bock  954  represents  this  gabbro. 

At  aboat  the  section  line  between  sees.  29  and  30,  61-11, 
on  the  south  shore,  is  another  perpendicalar  binff  of  gabbro. 
Indeed  nnmerous  nearly  perpendicular  blnffe,  from  30  to  60  feet 
hjgb,  made  of  this  rock,  appear  at  the  shore  throagfa  sec. 
while  on  the  north  shore  they  are  gradually  ascending  fVom  the 
water  level.  This  is  owing  to  the  prevalent  dip  of  main  strae- 
tnral  planes  of  the  gabbro  being  toward  the  sonth,  or  sonth- 
easterly. 

A  curious  fact  is  the  quick  change  in  the  character  of  the 
boulders,  as  the  character  of  the  underlying  rock  changes.  In 
the  syenite  region  they  are  mainly  of  syenite,  but  where  the 
gabbro  b^ns  they  immediately  become  almost  wholly  of  gab- 
bro. The  decaying  olivine  gives  a  pitted  surface  to  nearly  all 
of  the  boulders. 

Some  of  the  syenite  (or  granite)  seen  in  boulders  in  sec  26, 
61-12,  has  the  appearance  of  gneissic  strncture,  suggesting  that 
part  of  it  may  have  been  derived  from  metamorphism  of  sedi- 
mentary rocks  (965).  It  is  dark-colored,  the  crystals  are  im- 
perfectly formed,  and  crowded,  and  much  finer  than  in  the  syen- 
ite mentioned  seen  at  White  Iron  lake.  Other  parts  (seen  in 
boulders  in  sec.  26)  are  chloritic  and  dark-colored  (956),  and 
some  slabs  appear  like  a  micaceous  quartzyte,  but  may  be  a 
somewhat  changed  olivine  rock  (957). 

The  little  point  on  the  north  shore,  situated  in  the  N.  E.  t  of  ■ 
the  S.  &  i  of  sec.  21,  61-12,  consisting  of  a  breccia  of  mioa-schist 
cemented  by  granite  So.  958,  shows  the  manner  of  contact. 
The  granite  goes  generally  io  all  directions,  embracing  the  mioa- 
schist,  and  also  appears  as  isolated  masses.  It  also  runs  parallel 
to  the  schistose  structni-e,  producing  a  bedded  gneias,  which 
dips  abont  west  75"  from  the  horizon.  This  is  the  same  as  the 
mica-schist  and  interbedded  granite  seen  on  the  north  side  of 
Vermilion  lake.  958  A,  shows  some  of  this  mica^chist,  while  958 
B,  shows  the  nature  of  a  narrow  vein  or  "dike"  of  the  granite,  and 
the  full  width  of  it  (about  i  inch),  beyond  which  it  continues 
bat  gradually  diminishes  to  a  needle  point,  and  vanishes  in  the 
schist.  It  is  hard  to  understand  how  a  true  igneous  dike 
could  thus  fade  out.  It  seems  to  disappear  because  the  mica 
gradually  prevails  over  the  other  minerals  and  converts  it  into 
mica-schist,  which  itself  seems  to  contain  only  the  minerals 
seen  in  the  granite. 
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Through    the  Testeni   part  of  sec.  22,   61-12,  on  the   north 
ahore,  only  the  igneons  looking,  coarae-jointed  syenite  can  be 
seen.     It  is  coarsely  crystalline,  has  a  bedding  structnre  similar 
to  what  can  be  seen  in  the  trap-rocks  of  lake  Superior,  but  in 
the  eastern  part  of  the  section  a  fine-grained,  red-weathering 
bedded  granite  appears,  both  near  the  shore  and  also  in  a  bluff  at 
some  rods  from  the  shore.    The  bluff  that  faces  the  lake  has  the 
appearance  of  being  an  old  wall  of  masonry,  the  rough,  thin 
layering  appearing  aboat  as  distinct  ae  the  courses  in  a  rubble 
wall  when  pointed  with  mortar  by  the  mason  and  smoothed  by 
the  trowel.     The  beds  are  Irom  four  to  eight 
inches  thick,  and  dip  easterly  about  5"  from 
the  horizon.     This  granite,  which  is  fine- 
grained and  micaceous,  extends  eastward  from 
the  S.  E.  1  of  sec  22,  61-12,  and  is  repre- 
sented by  969.     The  figure  herewith  (Fig. 
'  43)  shows  three  succeesire  oatcrops  of  gran- 

ite.    A  occurs  on  the  point  in  sec  21,  already 
mentioned.     B  is  about  three-quarters  of  a 
.-§    mile  further  east,  and  0  is  on  the  S.  E.  i  of 
s  see.  22.    There  are  three  different  types.    It 
^  is  yet  to  be  ascertained  whether  their  genesis 
^    is  the  same.     Bock  961  shows  the  contact 
Ij  between   the  coarse  syenite   like  953,  as  it 
~    occurs  near  the  8.  W.  corner  of  sec.  24,  61-12, 
and  the  granite  955  and  959. 
Sometimes,  in  the  porphyritic  syenite,  are 
t~    ^^'V        .    "I    '""I'is  of  fine-grained  syenite,  running  like 
**  (x/S.!^   J    dikes.     Sometimes  bands  of  coarse  granite,  or 
"^   grannlyte  (i.  e.  orthoclase  and  quartz)  mn  in 
the  same  manner.    These  last  may  be  of  chem-  . 
ieal  origin. 

The  relations  of  these  different  kinds  of 
syenite,  and  of  granite,  are  expressed  by  Fig. 
44  which  was  sketched  ftx)m  the  bluff  at  the 
9.  E.  iofsec  22,  61-12. 

Rock  964  shows  a  coarse  syenite,  lying  on 
965,  apparently  conformably,  964  A  is  from  a 
vein  (or  dike)  of  fine  granular  granite,  six 
inches  wide,  running  across  the  bedding  of 
964  and  blending  with  965.  964  B  is  mica- 
schist,  a  condition  of  964  A,  in  small  patches. 
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Id  964  A  is  a  central  baod  of  orthoclase  and  quartz,  about  half 
an  inch  wide,  running  parallel  with  the  sides  and  fading  Ont  in 
atx>ut  four  feet. 

Bock  9€5  is  fine-grained  granite, 
inbeddedregulardipE30°.  965A 
is  from  a  vein  (or  dike)  of  coarse 
syenite  running  zigzag  in  965. 

Bock  966  is  the  lower  coarse 
syenite.  This  rises  toward  the  left 
BO  ae  to  appear  to  have  been  uncon- 
formable under  965. 

It  might  be  presumed  that  the 
massive  rock  (966  and  964)  wher- 
ever it  occurs  in  this  countiy  is   ~ 
igneous,  and  965  is  of  sedimentary   j^^ 

origin.   The  above  figure,  however,    *"  K. 

with  the  veins  that  run  from  965  to    I  ^ 

964,  and  similar  veins  seen  in  the  M  1, 

coarse  syenite  in  numerous  other   2  p 

places,  seem  to  indicate  that  these   g 
rocks  have  a  common  origin.    The   ~: 
fiwt  that  965  becomes  gneiasie  with  » 
mica,  and  alternates  with  mica-  ^ 
schist,  thus  apparently  paralleliz-  '| 
ing  the  granite  in  the  N.  W.  part   S: 
of  Yermilion  lake,  indicates  that   3 
this  syenite  and  granite  are  on  the   ;• 
same  (Lanrentian)  horizon  as  that.    P 
What   relation    this   has   to   the 
granite  seen  catting  the  doleryte 
on  the  west  side  of  White  Iron  lake 
is  nacertain,  but  on  the  north  shore 
of  Birch  lake  the  facts,  so  far  as 
seen,  indicate  that  the  gabbro  lies 
on  the  granite. 

On  the  S.  W.  i  of  sec.  24,  61-12, 
about  a  quarter  of  a  mile  east  of 
the  line  dividing  the  syenite  from 

the  gabbro,  is  a  tow  ridge,  about  fifteen  rods  from  the  shore, 
composed  of  a  ferruginous  olivine  rock  which  is  magnetic,  and 
really  constitutes  an  olivinitic  iron  ore  (960).  The  rock  appears 
under  the  moss  and  trees  in  irregular  loose  pieces,  evidently  in 
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place.  The  iron  in  tbis  ore  gave  (when  the  fine-graiaed  portions 
were  analyzed  by  themselves)  54.1  per  cent.  It  contains  no 
titaoinni  and  no  chrominm.  When  the  coarser  crystalline  parts 
vere  examined  by  themselves  the  iron  amounted  to  51.30  per 
cent,  without  titanium  and  chrominm.  This  rock  is  the  same  as 
No.  1138,  which  was  obtained  from  the  same  place  by  Dr.  Wads- 
worth.  Large  boaldera  of  the  same  ore  are  on  tbe  beach  near 
this  place. 

At  another  point  on  the  beach,  about  a  quarter  of  a  mile 
farther  west,  is  a  small  exposure  of  olivinitic  gabbro,  the  rock 
being  dark-colored,  the  augite  being  changed  apparently  to  a 
large  extent  to  mica,  and  the  olivine  being  rusty.  Very  near 
this  place,  but  lying  to  the  west  of  it,  and  indeed  almost  in  con- 
tact with  it,  is  a  lai^e  mass  of  fine-grained  granite  and  such  stone 
makes  the  boulders  of  the  beach.  This  must  be  very  near  the 
contact  line,  as  these  large  pieces  form  almost  a  continuous  rock 
surface,  broken  ouly  by  opened  jointage  and  covered  somewhat 
by  smaller  blocks. 

The  point  at  the  section  line  between  sees.  23  and  24,  61-12, 
on  tbe  north  side  of  Bircli  lake,  is  made  of  porphyritio  syenite, 
like  No.  953,  bat  a  little  east  of  the  point  a  few  rods  back  in  the 
woods,  is  a  small  ridge  of  fiue-graiued  red  syenite,  resembling 
the  "  red  rock  "  back  of  Grand  Marais.  It  is  represented  by 
No.  963,  and  it  lies  in  a  position  similar  to  that  of  the  fine- 
grained rock  959. 

Mr.  Grant  examined  the  bay  in  sees.  21  and  16,  61-t2.  He 
found  on,the  north  side  of  sec.  21  the  rock  967,  in  the  form  of  n 
vein  (or  dike)  cutting  coarso  syenite.  It  is  evidently  a  decayed  or 
changed  syenite,  some  of  the  hornblende  having  been  replaced 
by  an  epidote-like  mineral  and  some  changed  to  a  greenish- 
silvery,  foliated,  chloribe-like  mineral,  by  far  the  greater  part 
being  rather  coarse,  pinkish  orthoclase.  At  another  point, 
north  of  the  section  line,  on  the  west  side  of  the  bay,  he  met  with 
a  coarse  syenite  cut  by  a  two-inch  vein  of  fine  syenite.  This 
coarse  syenite  shows  the  hornblende  is  passing  to  mica.  (See 
sample  No.  918.)  In  other  places  has  been  noticed  a  mingling 
of  black  mica  with  hornblende  in  tbe  coarse  syenite.  Some- 
times, also,  in  the  gabbro  the  olivine  is  embraced  iu  the  central 
part  of  the  augite  crystals.  No.  968  represents  the  rock  men- 
tioned above  where  hornblende  is  so  associated  with  black  mica 
that  it  seems  to  pass  into  it,  the  rock  being  cut  by  a  two-inch 
vein,  or  band,  of  much  lighter-colored,  or  reddish,  fine  syenite. 
Both  rocks  are  very  quaitzose. 
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Ad  isolated  rook,  in  place  though,  stands  op  ill  the  water,  in 
the  bay,  in  the  S.  W.  i  of  sec.  28,  61-12,  exactly  like  the  mixed 
mica-schist  and  granite  described  on  the  point  in  the  TS.  E.  i  of 
the  a.  E.  i  of  sec.  21,  61-12.     It  here  dips  N.  N.  W,  75°-80°. 

A  dark  dike,  eighteen  inches  wide,  ruDS  K.  E.  and  shovs  on 
the  face  of  the  coane  syenite,  descending  to  the  water,  in  the  S. 
E.  i  of  sec.  29,  61-12.  Sample  9tid  is  so  taken  that  it  shows  the 
contact  with  a  thin  traDSverse  vein,  that  crosses  this  doleritic 
dike,  of  feldspathic  rock  which  seems  to  have  been  deposited 
chemically  in  a  fissnre  in  the  dike,  as  it  is  not  connected  with 
the  adjoining  ^enite.  The  following  fignre  shows  this.  (Fig. 
45.) 


Fig.  45. —  Feld^paikic  vein  croisiTt^  doleiyte. 

This  dike,  which  consists  almost  wholly  of  hornblende  where 
sketched  above,  changes  gradually  to  mica-schist  (970).  So. 
971  shows  its  contact  with  the  wall  of  syenite,  the  dike  here 
being  changed  entirely  to  mica-schist. 

This  change  in  this  dike  seems  to  indicate  that  other  local 
appearances  of  mica-schist  in  this  syenite,  such  as  that  seen  on 
the  point  in  the  S.  E.  i  of  sec  21,  61-12,  may  be  ascribed  to  the 
changed  condition  of  an  igneoos  rock,  each  as  this  undoubtedly 
was.  In  this  mica-schist,  thus  changed  from  some  igneous  rock, 
there  is  a  superabundance  of  mica,  and  the  white  ingredient  is 
not  certainly  qnartz. 

At  a  point  a  little  further  north  from  this  dike,  on  the  same 
.section,  is  a  promontory  of  gneiss,  the  rock  being  striped  with 
the  gneissic  stmcture,  the  striping  dii>ping  south  85°,  but  being 
somewhat  contorted.  Some  of  this  rock  is  fine-grained,  hard 
qnartzose,  granite,  and  in  it  occasionally  are  nodules  of  mica- 
schist,  resembling  the  rock  970.  This  gneiss  is  represented  by 
No.  972. 

This  gneiss  continues  westward  to  the  town-line  between  61-12 
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and  81-13,  bat  is  ratber  less  distinctty  banded,  or  bedded,  than 
a  typical  gDeis3,uid  instead  coarsely  fibrous  in  a  direction  coidgI- 
dent  with  the  sapposed  prevalent  dip,  the  coarse  bars  or  contorted 
sheets,  whichever  they  may  bestyled,Bliovinga8triation,  or  schis- 
tose Btrnctare  seen  from  different  directions,  and  sometimes 
manifesting  the  same  illosory  dip  as  seen  in  the  dark  gneiss  or 
mica-schist,  mentioned  in  the  ST.  W,  part  of  Vermilion  lake.  As 
a  gneiss  it  is  very  Irregolar,  It  is  more  correctly  an  irr^^lar 
alternating  of  two  rocks  than  a  gneissic  arrangement  of  minerals, 
though  the  latter  stmctnre  can  also  be  seen  in  some  large 
patches.  The  rocks  so  alternating  are  syenite,  fine  syenite,  fine 
granite,  micaceons  granite,  and  mica  schist. 

On  careful  examination  over  contignons  and  continaons  snr- 
faces,  the  mica  in  this  rock  can  be  seen  to  be  replaced  by  horn- 
blende, and  then  it  becomes  dark,  firm  and  dioryte- 1  coking,  but 
still  twisted  and  contorted  with  a  light- weathering  syenite,  and 
often  mingled  with  a  true  granite  of  fine  grain.  In  short,  there 
seems  to  be  a  transition  Irom  mica-schist,  as  before  snrmised,  to 
hornblende  schist,  this  change  taking  place  according  to  the  less 
or  greater  exposure  and  disintegrating  action  of  the  elements. 
(Compare  1134.) 

The  manner  in  which  this  dark  rock  incloses  partfi  of  the 
lighter  rock  will  allow  of  its  being  originally  an  igneous  rock. 
On  the  other  hand,  the  manner  in  which  the  syenite  acts,  with 
respect  to  the  mica-schist,  seems  also  to  allow  of  its  having  been 
an  eruptive  rock. 

So.  973  shows  this  rock  in  its  homblendio  aspects.  These 
(two)  specimens  were  obtained  from  near  contact  with  white- 
weathering,  fine-grained,  mica-granite,  or  gneiss,  the  '  latter 
being  in  strings,  blocks  and  massed  of  all  positions  and  shapes. 

"So.  974  shows  this  rock  nndei^ing  a  change  toward  mica- 
schist. 

If  this  mica-schist  be  a  changed  igneous  rock,  it  should  con- 
tain, theoretically,  no  original  free  quartz,  and  thus  perhaps,  as 
well  as  by  some  other  characters  which  may  be  discoverable,  it 
may  be  distinguished  from  the  bedded  sedimentary  mica  schist 
such  as  in  the  K.  W.  part  of  Vermilion  lake  passes  into  granite 
conformably. 

Where  Birch  river  enters  Birch  lake,  in  sec.  25,  61-13,  the 
outcropping  rock-  on  the  north  side  of  the  river  is  syenite  and 
gneiss,  dipping  N.  E.,  while  through  sees.  19,  20  and  29,  61-12, 
the  dip  is  almost  invariably  in  a  southerly  directiou(S.  orS.S.£l.), 
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varying  from  45*  to  80°,  farther  sonth,  also,  in  seca.  25  and  36, 
61-13,  the  dip  is  aboat  soath,  and  the  rock,  nearly  everywhere 
that  it  is  visible,  is  the  same  gneiss.  Bat  in  the  sonthweet  end 
of  the  lake  the  rock  is  mote  hid  by  drift,  and  the  shore-line  con- 
sists of  bonlders  and  sand.  A  broad  bay  in  see.  36,  61-13.  has  a 
■wide  sandy  beach. 

This  mottled  schist  is  again  represented  by  975  (two  Bample») 
got  at  the  extreme  west  end  of  Birch  lake,  near  the  head  of  the 
bay  south  of  the  mouth  of  the  river.  The  samples  are  dark -col- 
ored, bat  the  face  of  the  bluff  from  which  they  came,  sometimes 
abont  half  of  it,  is  light-colored.  The  rock  seems  to  have  been 
in  some  places  ongioally  a  fiae-grained  dioryte,  the  feldspar  not 
being  individualized,  hut  in  others  to  have  beea  fissnred  and 
the  fissures  filled  with  chemically  deposited  quartz  and  ortho- 
clase.  , 

The  round  point  iu  the  K.  W.  part  of  sec.  31,  61-12,  is  made 
np  of  a  syenite  which  ia  some  places  shows  the  same  gnessic 
structure,  the  latter  being  in  narrow  bands  dipping  sonth  and  in 
isolated  included  pieces.  These  patches  are  micaoeo-homblendie. 
This  structare  seems  to  gradually  become  lees  and  less  common 
in  this  direction  (i.  e.  easterly),  and  to  be  most  prevalent  iu  the 
N.  "VV.  part  of  the  lake. 

The  syenite  in  the  N.  E.  i  of  see.  3L,  61-12,  is  massive  but  em- 
braces lenticnlar,  elongated  and  Irrregular  masses  of  fine-grained 
qoartzose  reddish  granite,  and  the  same  also  in  veins.  1  notice 
that  the  hornblende  grains  have  their  elongation  in  the  direc- 
tion of  the  hitherto  prevalent  strike,  producing  a  kind  of  stmo- 
toral  arrangement  that  can  be  compared  to  that  of  gneiss. 

There  is  an  accumulation  of  fine,  black,  feebly  magnetic  sand  on 
the  beech  at  the  S.  W.  i  of  sec.  33,  61-12,  near  the  mouth  of  a 
little  rivulet.  This  probably  is  derived  from  the  disintegration 
of  some  olivinitic  iron  ore  at  a  short  distance-  from  the  beach,- 
similar  to  that  seen  on  the  north  side  of  the  lake  (960).  This 
sand,  on  analysis,  gave  the  following  result: 

mica .' 5.19 

Metallic  iron 41.12 

Titanium  <lioxide 36.77 

Alnmina 2.95 

Magnesia .'- 35 

PhoEphonia none. 

Drift  deposits  cover  the  rock  from  this  jwint  northeastward 
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to  the  S.  B,  1  of  aec.  28,  6112,  where  the  rock  978  outcrops  eon- 
spicaoosly  oa  tbe  shore.  It  is  a  coarse,  dark-colored  dioryte, 
but  shows  the  hornblende  changing  to  mica,  the  mica  scales  origi- 
nating within  the  hornblendes  transverse  to  the  fibroos  grain  of 
the  hornblende.  A  short  distance  to  the  south  of  this  the  rock 
is  gneiss,  though  on  the  north  side,  near  it,  but  disconnected,  is  a 
similar  outcrop  of  coarse  syenite.  Some  of  the  last  .weathers 
red,  and  some  light-gray.  At  tjie  next  point,  north,  is  a  still 
more  conspicaous  exposure  of  coarse  syenite  veined  by  finer  red 
syenite. 

Dunka  river.  At  tbe  roontfa  of  this  rivet  the  beach  is  one  of 
sand,  having  a  reddish  aspect  resembling  that  of  the  red  beach 
at  the  month  of  tbe  BroU  river  east  of  Grand  Marais.  This 
color  is  also  due  to  the  same  cause— the  distribution  of  a  red 
stone  by  tbe  lake,  and  through  the  action  of  the  river.  Further, 
it  is  the  same  red  stone — the  "red  rock"  of  the  Cupriferons — 
which  is  here  in  pebbles  not  larger  than  an  inch,  and  generally 
less  than  half  an  inch,  in  diameter,  mingled  with  some  of  the 
same  sizes,  of  granite  and  syenite. 

There  is  a  drift  platean  bordering  the  lake  along  here,  for  a 
mile  or  two  and  ascending  tbe  Dunka  valley,  rising  from  75  to 
100  feet  above  the  lake,  making  a  fine  expanse  of  farmiog  land, 
now  covered  by  a  forest  of  mixed  pine  and  deciduous  trees. 

The  drift  is,  so  far  as  can  be  seen,  fine  and  clayey,  and  fiir- 
nishesthe  beach  with  its  materials.  It  dates  back  to  the  glacial 
age.  It  shows,  by  its  composition,  a  northward  transporta- 
tion down  tbe  Dunka  valley,  and  an  extension  of  this  move- 
ment from  a  point  (ar  enough  south  to  bring  rocks  of  the  Cuprif- 
erous to  the  shores  of  Birch  lake. 

Tbe  river  can  be  ascended  by  a  canoe  about  half  a  mile, 
although  there  is  a  copious  delta  accumulation  at  tbe  moDtb, 
consisting  of  sand,  which  extends  far  into  the  lake,  producing  so 
shallow  water  that  a  small  bark  canoe  di'ags  on  the  bottom  when 
carrying  two  men.  The  Indian  winter  trail,  which  leads  to 
Beaver  bay  on  lake  Superior,  leaves  the  right  bank  of  the  river 
near  the  town- line  between  61-12  and  GO-12,  and  it  can  easily  be 
followed  as  far  as  we  went,  and  probably  all  the  way  to  lake 
Superior.  It  is  obstructed  by  nomerons  old  pines  and  poplars 
thrown  down  by  the  wind.  It  crosses  the  river  in  8.  W.  i  sec 
10,  60-12,  and  again  in  sec.  15,  next  south,  and  then  bears  more 
easterly.  The  country  through  whidi  it  passes  is  chiefly  drilt 
covered,  and  holds  considerable  good  pine,  though  chiefly  Kor- 
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way  averaging  16  to  20  inches  in  diameter.  Ten  years'  growth 
will  make  it  very  valuable. 

Alter  paasiog  the  main  drift  ridge,  which  risesby  aneroid,  120 
feet  above  Birch  lake  and  ceases  in  N.  W.  i  sec.  10,  60-12,  there 
sacceeds  a  series  of  piles  nod  ridges  of  granitic  boulders,  the 
syenite  appearing  in  situ  about  on  the  half  section  Use  in  sec.  10, 
where  the  trail  crosses  it.  At  a  point  a  little  further  north 
appeared  uumerous  ferruginous  olivinitic  iron  boulders  (976). 
These  are  so  nameroas  that  it  is  evident  that  the  low  ridge  on 
which  they  occur  must  contain  a  deposit  of  iron  of  this  kind. 
These  boulders  show  on  analysis  no  titanium.  At  the  crossing 
in  sec  10,  where  the  river  is  110  feet  above  Birch  lake,  the  right 
bank  is  of  drift,  and  rises  forty  or  fifty  feet  above  the  river,  the 
flood-plain  being  aboat  five  feet  above  the  low-water  stage.  The 
water  nuis  on  fine  grained  olivine-bearing  gabbro  rock  (977)  or 
*' mnscovado,"  containing  biotite,  and  descends  rapidly  below 
the  crossing.  The  prominent  high  ridge  which  is  visible  front 
the  lake,  rising  several  hundred  feet  higher,  crossing  3.  E.  i  of 
sec.  7,  the  whole  of  sec.  8,  and  ceasing  in  [>ec.  9,  60-12,  does  not 
reach  the  Dunka  river,  but  seems  to  be  redoced  to  the  low  syen- 
ite ridge  which  appears  in  the  trail  X.  W.  i  of  the  S.  W.  k  of  sec 
10.  The  gabbro  seems  to  lie  to  the  south  of  this  ridge,  a  small 
hill  of  it  rising  on  the  west  side  of  the  river  not  far  from  the 
crossing. 

It  was  much  to  our  regret  that  the  rainy  weather,  and  the 
limited  time  at  our  command,  prohibited  a  visit  to  the  great 
ridge  in  sec.  8,  60-12.  From  other  information,  however,  this  Is 
sapposed  to  consist  of  syenite,  and  to  constitute  the  eastern  end 
of  the"  range  which  is  known  further  west  by  the  name  of  Grant's 
range.* 

Bast  branch  of  Birchriver,  Kawishiwi  river,  in  coming  from  the 
east,  through  towns  63-9  and  10,  divides  in  see.  26,  63-10,  into 
two  parts,  the  principal  amount  continuing  westwardly  through 
63-10  and  reaching  Farm  lake,  and  the  other  portion  flowing 
south  westwardly  through  62-10  and  62-11,  uniting  with  Birch 
lake  in  sec.  6,  61-11.  This  latter  portion,  with  that  water  which 
comes  from  lake  Isabella  in  62-8,  through  Bald  Eagle  and 
Gabbro  lakes,  is  here  included  under  the  name  East  branch  of 
Birch  river.  It  will  be  seen  that  by  the  aid  of  Birch  river  and 
White  Iron  lake  on  the  we«t,  Farm  lake  and  Kawishiwi  river 
on  the   north,  this  river  forms  the  hypothennse  of  triangular 

•  The  Kalion  "Slewsbn  Hei|Ibl^"  do  the  Iiuluib  &  Irun  Ksiw  'I.  "->  <>  "»  'Ula  rl'iKc. 
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island — an  iBlaud  which  seems  to  be  oonstitnted  entirdy  of 
syenitic  rock.  • 

All  the  Tay  from  Birch  lake,  in  sec.  6,  61-11,  to  the  rapids  in 
N.  E.  i  of  sec  27,  62-11,  this  river  covers  the  line  of  contact 
between  the  gabbro  and  the  syenite,  indicating  the  existence 
there,  for  some  reason,  of  a  more  erosible  rock.  A-t  these  rapids 
the  water  channel  jogs  suddenly  to  the  north,  though  there  is  an 
extension  of  the  bay  northeastwardly  in  theprobabledirectionof 
this  contact  horizoo  from  sec  27  into  sec.  26.  This  is  hypothetic- 
ally  the  horizon  of  the  ferriferous  olivine  rock.  Farther  north- 
east, in  sees.  23,  24  and  13,  62-11,  this  stream  lies  on  syenite, 
andexpaads  Into  Copeland's  lake  in  the  north  part  of  sec  24. 
In  this  stream  rapids  occur  at  the  S.  E.  i  sec  27,  62-11,  ascend- 
ing 16  feet;  S.  E.  }  of  sec.  22,  62-11,  ascending  3  feet;  S.  W.  i 
of  sec  23,  62-11,  ascending  5  feet;  in  the  north  part  of  sec  23, 
62-11,  ascending  5  feet;  in  the  N.  E.  i  of  the  S.  W.  J  of  sec  24, 
ascending  5  feet,  and  at  the  foot  of  Copeland's  lake  ascending  6 
feet.  Syenite  prevails  all  the  way  np  this  water -course,  through 
the  whole  length  of  Copeland's  lake  It  is  generally  coarse- 
grained and  even  phorphyritic  with  orthoclase  crystals  i  inch 
across,  sometimes  these  reaching  Ij  inches  across.  But  a  fine- 
grained syeniteis  distributed  through  this  rock  very  capriciously. 
It  occars  not  only  in  beds  bat  in  dikes  and  veins. 

At  the  north  end  of  Copeland's  lake  a  change  takes  place. 
There  is  a  dike  running  apparently  N .  N.  W.  from  (he  little  bay  in 
theX.  E.  cornerof  see.  7,  across  the  river,  probably  being  the  chief 
agent  in  determining  the  location  of  the  rapids  at  the  head  of 
Copeland's  lake.  It  cats  through  syenite,  Ou  the  east  side  of 
this  is  much  confusion  in  the  character  of  the  rock.  Sometimes 
it  is  gneisBic  syenite,  not  porphyritic  Sometimes  it  appears  to 
be  diabase  in  limited  areas,  and  sometimes  apparently  a  dioryte, 
and  again  a  fine-grained  syenite,  and  a  distinct  gneiss,  tlie  last 
having  a  dip  S".  W.  about'  80°.  On  the  west  shore,  rancing 
from  sec  6  to  sec  5,  62-10,  is  a  bold  and  conspicuous,  perpen- 
dicular wall  of  fine-grained  syenite,  bnt  it  has  a  frequent  jointage 
like  some  igneous  rock.  A  tittle  further  east,  near  the  town-line 
between  sec.  5,  62-10  and  sec.  32,  63-10,  on  the  west  shore  of  the 
bay,  the  underlying  rock  is  a  greenstone,  firm  and  tough,  and 
very  dark-colored. 

The  rock  of  the  Palisadeat  which  is  a  name  given  here  to  a 
nearly  perpendicular  wall  of  reddish,  fine-grained  syenite  in  the 
S.  W.  i  of  sec.  4,  62-10,  on  the  north  side  of  the  bay,  reoalte. 
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both  b7  its  pbysioal  aspect,  and  by  its  ortboclastio  composition, 
the  rock:  of  the  Great  Palisades,  on  the  north  shore  of  lake  Supe- 
rior. It  stands  in  a  nidely  oolamnar  and  slightly  sloping  position, 
rises  from  the  lake  level  to  the  bight  of  forty  or  fifty  feet,  and 
extends  along  the  lake  shore  about  tveuty-flTe  rods.  Long  col- 
dmos  fiiU  away.  Yet  this  rock  is  the  red  syenite  along  here. 
Etsevbere,  also,  in  the  bay  in  sec  9,  62-10,  and  along  the  bay 
into  'crbich  the  river  flows  from  the  S.  W.,  the  same  red  fine 
syenite  appears.  This  red  syenite  (979),  which  sometimes  seems 
very  hornblendic,  continues  to  the  gabbro  contact,  S.  W.  i  of 
sec.  9,  62-10,  where,  so  far  as  can  be  made  oat,  in  the  timbered 
and  moss-covered  condition  of  the  rock-hills,  the  transition  is 
similar  to  that  seen  at  Dnlnth,  viz. :  by  a  series  of  veinings  in  the 
gabbro,  and  a  dissemination  of  red  weathering  feldspar  in  it, 
some  patches  in  the  gabbro  being  real  syenite  (rather  quartzose) 
bnt  fine-grained.  The  real  gabbro  character  is  established  aiter 
a  few  rods  of  such  mixed  rock.  When  the  phenomena  are  all 
condensed,  the  impression  left  on  the  observer  is  that  the  gabbro 
overlies  the  syenite,  thongh  there  is  here  no  snch  concrete  obser- 
vation. 

Mr.  Stacy  visited  an  iron  locality  in  sec.  30,  62-10.  It  is  in 
the  midst  of  gabbro  rock,  in  the  west  half  of  the  S.  B.  tof  the  sec- 
tion, and  the  exposed  iron  sarface,  varying  more  or  less  to  rock, 
occnpies  an  estimated  area  of  about  thirty  acres.  The  ore  is 
similar  to  that  seen  on  the  north  shore  of  Birch  lake,  in  sec.  21, 
^1-12,  and  two  analyses  show  the  following  results,  according  to 
Prof.  Dodge: 

CoaiBelT  ciyatallwe,  magnetic,  iron,  48.05;  Titanium 2.44 

Fiae-giaiDed,  oliTinitic,  mogoetac,  iron,  ei.iHjTitaniiun none. 

Qabbro  forms  all  the  shores  and  islands  of  Gabbro  and  Bald 
Bagie  lakes.  Throngb  the  central  part  of  the  town  (62-10)  runs 
a  very  hilly  ootintry,  the  gabbro  rising  from  200  to  300  feet  above 
the  lakes  lying  to  the  north.  The  ridge  in  the  sonthern  part  of 
see.  22  was  visited.  It  shows  in  some  places  large  veins,  or 
dikes,  of  a  very  coarse  gabbro  anrrounding  lai^e  areas  of  very 
fine-grained  gabbro;  some  of  the  large  crystals  supposed  to  be 
of  aogite  were  collected  for  preservation.  This  ridge  here  rises 
aocording  to  aneroid  186  feet,  but  at  points  further  west  it  rises 
60-76  feet  still  higher.  The  highest  elevdtions  seem  to  be  in 
sees.  19  and  20  of  the  same  town.  Bnt  the  elevation  does  not 
consist  of  a  single  ridge,  with  ascent  f^m  both  directions,  bat 
rather  of  an  irre^lar  succession  of  ridgee  and  hills  of  some- 
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That  varied  ahape,  the  vbole  presentiDg,  Then  vieved  front 
the  north,  the  aapect  of  a  promineDt  and  connected  line  of  hills. 

We  ascended  the  river  toward  Isabella  lake  ae  lar  aa  the  sap- 
ptied  wa  had,  the  time  at  command  and  the  freqnent  rapids 
would  warrant,  which  was  about  two  miles  above  Bald  Eagle 
lake,  and  near  the  town-line  croesing.  About  two-thirds  of  this 
distance  the  river  is  wide  and  smooth.  A  considerable  tribu- 
tary (the  south  branch  of  Birch  river)  joins  the  east  branch  in 
the  H.  W.  i  of  sec.  5,  61-9.  A  long  portage  and  many  rapids 
were  to  be  encountered,  further  up  stream.  Gabbro  rock  con- 
tinued as  for  as  the  examination  went,  the  same  as  noted  in  sec 
22,  62-10,  forming  hills  from  50  to  100  feet  high  along  the  south 
side  of  the  river.  I  walked  to  the  upper  end  of  the  portage, 
and  frOm  all  that  cnald  be  seen  it  was  judged  probable  that  gab- 
bro rock  continued  bo  and  even  beyond  lake  Isabella. 

Almost  anywhere  that  any  dip  can  be  seen  in  the  gabbro,  it 
shows  a  coarse-bedded  structure  that  dips  southerly,  at  least 
away  from  the  area  of  the  syenite. 

The  fine  syenite  which  extends  from  the  gabbro  contact  in 
sec.  9,  62-10,  northwardly  along  the  westerly  side  of  the  water 
that  runs  from  sec.  9  to  the  next  town  north,  and  into  K3-10,  to 
the  fork  of  the  Kawishiwi,  sec  26,  is  represented  by  four  speci- 
meus  nnmbered  979,  taken  from  different  places  to  show  its 
variations.  This  is,  altogether,  the  same  rock  as  the  palisade 
rock  of  sec  4,  62-10.  It  lies  here  next  north  of  the  gabbro,  and 
apparently  under  the  gabbro,  though  no  large  exposure  was 
seen  showing  this  relation^the  best  being  at  the  Archway  rap- 
ids,* in  sec.  9,  62-10.  Here  the  gabbro  has  the  usual  coarse  bed- 
ding, and  the  syenite  itself  sometimes  seems  to  show  the  same 
structure  and  dip,  indicating  a  coarae  alternation  and  grand 
superposition  of  parts. 

At  the  gabbro-syenite  contact  in  the  N.  W.  1  sec.  25,  63-10, 
there  is  no  opportunity  to  learn  the  stratigraphic  relations  of 
the  two  rocks.  The  gabbro  runs  inland  from  the  shore,  making 
a  bluff  about  25  feet  high.  Then  on  the  beach,  which  is  low, 
and  boulder -strewn  for  15  or  20  rods,  are  large  pieces,  some  of 
them  probably  not  much  removed  from  their  uataral  positions, 
of  mixed  rock,  orthoclase  'gabbro,  syenite  veined  with  fine  red- 
weathering  syenite,  afid  some  coarse  gabbro.  These  run  along 
to  the  little  point,  westwardly,  where  a  fine-grained   syenite 
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appearB,  mixed  with  veins  and  beds  of  coarse  syenite,  and  with 
some  changed  igneoas  rock,  the  latter  being  now  a  mica-scltist 
— though  of  this  but  very  little — the  whole  apparently  ranning 
below  the  gabbro. 

Kavnthiwi  river.  This  river-miites  with  Birch  river  waters  in 
Farm  lake,  in  the  north  part  of  sec  34,  63-11,  and  from  that 
point  this  name  is  given  to  the  onited  stream  down  to  the  de- 
boachnre  into  Fall  lake.  The  Kawishiwi  originates  in  numer- 
ons  smalt  streams  and  lake  basins  that  lie  iu  T.  63-6,  the  highest 
principal  lake  basin  being  lake  Folly,  in  the  soathern  part  of 
that  town.  In  the  same  region  are  the  sources  of  Poplar  and 
Temperance  rivers  which  flow  southward,  and  of  the  streams 
which  flow  northward  to  Ogishki-Mancie  and  Knife  lakes. 

This  river  wiis  explored  as  far  eastward  aa  the  eastern  shores 
of  Wilder  lake.  The  npper  part  of  the  basin  of  the  river  lies 
in  the  gabbro  area,  so  &r  as  examined,  and  probably  this  rock 
extends  as  far  as  its  highest  source.  Yet  in  the  next  town  east 
of  that,  in  which  lake  Polly  is  situated,  a  red  underlying  syenite 
appears  unconformably  below  the  gabbro.*  The  description  of 
the  geology  will  be  given  in  the  orderof  examination,  viz.,  from 
sec  26,  63-10,  where  the  river  forks,  eastward  through  the  south 
channel  to  Wilder  lake,  and  returning  through  the  north 
channel  in  63-9,  and  westward  to  Farm  lake. 

Syenite  forms  the  shores  from  the  fork  of  the  river  eastward 
to  the  S.  W.  }  of  sec  19,  63-9,  where  the  river  covers  again  the 
line  of  contact  about  a  mile  and  a  half. 

In  the  bay  covering  most  of  the  S.  E.  t  of  the  N.  W.  i  of  sec. 
19,  63-9,  is  a  little  island  which  must  lie  nearly  on  the  contact 
line  between  the  gabbro  and  the  syenite.  This  consists  of  a  firm, 
tough,  contortedly  gneissic  rock  of  a  dark  color  (pmplish  on 
fresh  fracture)  which  is  aphanitic,  quartzlesa,  and  weathers  red 
insome  places.  It  has  many  veins,  i.  e.  such  seams  aa  have  been 
described  above  in  the  mica-schist  in  the  northwestern  pait  of 
Vermilion  lake,  each  seam,  on  being  weathered,  being  harder 
than  thea^acent  rock,  causing  a  sharp  ridge  on  the  surface, 
such  ridges  crossing  and  reticulating  with  each  other  and  vary- 
ing in  hight  from  a  mere  film  that  can  hardly  be  traced,  to  half 
an  inch  or  more.  This  rock  seems  to  haVe  been  once  in  the 
form  of  a  breccia,  but  not  greatly  displaced  in  its  parts  —  per- 
haps only  plastic  Some  open  spots  have  lost  weatheredout 
fragments  that  were  softer.     In  other  places  this  rock   looks  as 
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if  an  jgneoQS  rook,  nov  fine  and  diabasio,  and  hardly  distia- 
i^iiisbable  from  the  rest,  had  beeu  interfoaed  with  the  brokeo 
fragmects.  There  is  a  general,  gneissio,  coarae,  perpendicolar 
stractnre  that  rans  east  and  vest.  This  island  rises  bat  four  feet 
above  the  water,  and  is  only  aboat  ttreoty-five  feet  in  diameter. 

The  same  rook  appears  on  the  mainland,  just  north  of  the 
island,  and  also  west  of  it,  and  rises  twenty  feet  above  the  lake. 
It  Is  a  rock  which  seems  to  vary  from  diabase  to  felsyte,  and 
contains  oherty  spots.  The  gneissic  stmctnre  is  not  common. 
(980). 

Lying  to  the  sontheast  from  the  foregoing  island  are  a  couple 
of  other  smtdl  islands,  situated  near  the  contact  with  gabbro. 
These  consist  of  a  very  hard  quartzose  biotitic  gneiss,  the 
stmctnre  runniog  east  and  west,  standing  about  vertical  (981). 

Proceeding  northward  from  the  river,  into  sec  18,  63-9,  abont 
half  a  mile,  through  the  forest,  the  surface  ascends  about  100 
feet,  and  the  rock  is  a  fine-grained  diabase,  similar  to  the  rock 
at  the  shore  (980)  in  nearly  all  places  (987).  There  is  no  dis- 
tinct structure  or  bedding  of  any  kind,  but  in  some  places  a  sort 
of  lenticular  flowage  structure,  seen  on  a  weathered  surface,  like 
that  in  some  of  the  changed  graywacke  south  of  Pall  lake, 
although  the  rock,  as  a  whole,  has  more  resemblance  to  true 
doler^-te.  (Compare  996  and  997.)  It  has  a  marked  tendency  to 
a  coarseness  of  crystalline  grain,  giving  it  a  gabbro-like  charac- 
ter and  color  (988).  Such  coarse  gabbroloid  rock  forms  the 
summit  of  one  of  the  subordinate  ridges  between  the  main  ridge 
and  the  shore,  and  seems  to  be  a  part  of  the  main  rock -structure. 
Two  or  three  ridges,  separated  by  sharp  valleys,  generally  with 
perpendicular  rock-walls  facing  north  (sometimes  also  facing 
south),  intervene  between  the  river  and  the  centre  of  sec.  18, 
63-9. 

At  the  rapids  in  the  S.  E.  i  of  sec.  17,  63-9,  the  gabbro,  which 
appears  here  on  both  sides  of  the  river,  is  very  fine-grained  and 
like  a  diabase,  indicating  that  the  rock  980  is  only  a  condition 
of  the  gabbro.  On  the  supposition  that  it  is  the  contact  con- 
dition of  the  gabbro,  the  gabbro  must  overlie  unconformably 
the  red  rock  (palisade  rock),  the  quartzose  gneiss,  which  has  a 
distinct  uniform  and  persistent  bedded-gneissic  structure  E.  and 
W.  (981)  as  well  as  the  gneissic  syenite  whit^  sometimes  is  seen 
along  here,  near  the  gabbro  boundary.  This  suppodtioB  ap- 
parently is  confirmed  by  the  existence  of  the  igneous  rooks  Noe. 
987  and  988  at  so  much  higher  levels,  on  the  north  side  or  the 
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rJT^  in  sec.  18.  This  shows  that  there  will  be  found  QOtUers 
of  gabbro  rock,  in  the  higher  levels,  at  points  somewhat  farther 
north  than  the  bonndarf  line  expressing  its  general  northern 
strike  on  the  accompanying  geological  map.  The  following 
Bketoh-map  (Fig.  46)  of  this  part  of  the  Kawishtwi  valley  will 
convey  an  idea  of  the  position  of  these  rocks. 
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Pig.  46. — Sketch-map  of  apart  of  the  Kavnakiwi  vaUei/,  sec  19,  63-9. 

The  relative  podtion  of  tbese  parte  is  forther  shown  by  Fig. 
47,  which  is  a  profile  across  the  river  irom  X.  W.  to  S.  £.,  pass- 
ing through  the  islands. 

A  generalized  perpendicular  section,  expressing  all  the  facts 
observed  respecting  the  gabbro  contact,  as  they  appear  to  be 
related  by  all  the  observations  foregoing,  lAty  be  eonrtmcted  as 
shown  in  Fig.  48. 

There  are  two  grand  gronps  of  rocks  here  involved.    One  is 
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of  direct  or  immediate  eraptlve  origin,  and  embraces  also  tbe 
modified  portions  that  are  prodnced  by  coming  into  contact  witli 
the  sedimentary  beds.  The  other  is  of  sed- 
imentary origin  and  embraces  the  modified 
'',  sedimentary  masses.    The  former  inclod€s 

I     I  gabbro,  fine  gabbro,  olivinitic  gabbro  and 

{     \  "moBcavado,"  also  the  orthociase-gabbro, 

or  dioritic  syenite  and  tbe  diabase  and 
dark  felsyte.     The  hitter  embraces  the  fine 
"C    eyenite,  the  red,  felsitic  ''palisade  roclc" 
i    of  the  Kawishiwi,   gneiss,   the  qaaitzose 
9    and  biotitic  gneiss,  and   the  porpfayritic 
J   syenite.    The  last  express  tbe  last  term  of 
'§    extreme  effect  of  the  emptive  I'ocks  on  the 
„   sedimentaries,  having  resulted  from  com- 
^    plete  fusion,  and  acting  in  all  respects, 
.g    among  the  other  rocks,  as  an  ernptive  one. 
J   Many  of  the  so-called  dikes  of  this  rock 
;     *    (or  rock  resembling  this)  are  believed  to 
|g    be  of  chemical  origin,  and  not  connected 
^    with  any  source  of  molten  rock. 
I        In  passing  eastward,  throngh  town  63-9, 
\  tfl    the  river  divides  in  the  S.  B.  i  of  sec.  17, 
bat  nnites  again  in  sec.  27,  embracing  aa 
island.     This  island  is  itself  also  divided 
i      I    into  two  parts  by  a  aubcrdinate  forking  of 
/      a    the  river,  making  really  three  channels  of 
A     ^   flowing  water  occupied  by  the  same  stream 
-■     *    — the  north,  central  and  south  channels. 


:g# 


<c.(,    5 


Where  the  river  first  divides,  the  greater 
part  of  the  water  goes  out  by  the  cjiannel 
that  passes  northward  into  sec.   27,  and 


The  gabbro  rock  continues,  by  way  of 
the  south  channel,  to  form  the  country 
rock,  tbe  elevations  along  the  shore  not 
exceeding  thirty  feet  above  the  water,  to 
tbe  east  side  of  the  town,  and  also  into  T. 
63-8.  In  passing  through  the  last  town, 
the  land  appeai-s  but  little  above  the  lake, 

the  small  undnlations  not  exceeding  ten  feet,  and  the  lai^r  not 

more  than  twenty-five. 
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Tbere  is  here  no  visible  drift,  or  nearly  none,  except  sacfa  as 
is  referable  to  tbts  rock.  Tbere  are  fine  ezbibitionB  of  the  proc- 
ess of  maklDg  "botUdera  by  disintegration,'"  some  blaffis  being  in 
proceaB  of  decay  bnt  strangely  retaining,  nndecayed,  roanded 
bonlder-like  masses  from  two  feet  to  six  feet  in  diameter,  the  sar- 
ronnding  rock  beiagso  rotted  that  it  can  bepicked  to  pieces  by 
the  fingers.  There  is  no  show  of  drift  action  —  nor  ice  action, 
the  rock  everywhere  being  snperfidally  cmmbling  off  in  flakes 
and  in  small  bits  so  that  in  some  of  the  ha-ys  the  beaches  consist 
of  gabbro  sand.  There  is  not  a  total  absence  of  transported 
drift,  bat  only  very  rarely  a  bonlder  of  granite.  These  also  show 
the  disintegrating  action  of  age.  The  gabbro  bluffe  do  not  look 
clean  and  smooth-cat,  bnt  are  falling  down «'»  situ,  the  jointe  being 
worn  ont  so  as  to  prodace  little  channels  in  which  water  runs 
down  to  the  lake.  Old  weathered  sar£a«ee  are  pitted  with  holes 
of  all  sizes,  ap  to  a  hen's  egg.  On  the  tops  of  the  hills  is'a  thin, 
often  gravelly,  soil  prodnced  by  the  decay  of  the  gabbro  rock. 
The  sand  of  the  beaches  in  small  bays  where  it  gathers  is  made 
op  of  labradorite  crystals,  more  or  leas  rotted.  The  whole  of 
Wilder  lake  has  these  driftleas  characters.  They  seem  to  shov 
that  at  the  last  glacial  epoch  this  re^oo  was  not  sabjected  to 
moving  ice.  This  kind  of  snr&ce  extends  from  the  west  side  of 
the  take  in  sec.  33,  63-8,  eastward  at  least  as  far  as  the  east  end 
of  Wilder  lake,  beyond  which  this  trip  did  not  extend.  Throagh- 
oat  this  area,  althongh  the  rocks  are  bare  mnch  of  the  way  along 
the  shores,  not  a  glacial  scratch  nor  a  glaciated  sariiEwe  coald  be 
seen,  althongh  on  onr  retarn  special  notice  was  given  to  t^is 
feature.  At  the  west  end  of  the  lake  in  sec.  33,  63-8,  was  seen 
one  mouton^d  snrfoce,  bat  it  had  no  scratches.  Oradaally  in 
passing  still  further  west  the  rocks  assumed  a  more  preserved 
condition,  and  occasionally  a  roanded  surfiMse  appears,  aud  at 
the  entrance  of  the  main  river,  southern  part  of  sec.  30,  63-8,  is 
a  striated  rock -surface,  the  lines  running  9.  8°  B.  Further  still 
west,  such  surfaces  are  more  and  more  common,  nud  Anally  every 
surface,  facing  toward  the  north,  is  found  to  be  striated,  and  all 
the  rock  is  hiird  and  fresh.  This  interesting  series  of  change 
can  not  be  ascribed  to  any  differences  in  the  nature  of  the  rock, 
because  it  is  the  uniform  gabbro  formation  all  the  way,  bat  must 
be  referred  to  difference  of  glacial  action.  I  think  I  saw  also 
more  frequent  nigns  of  transported  drift  about  at  the  point  where 
striiited  surfaces  began  to  appeal',  though  the  drift  in  this  part 
of  the  state  everywhere  is  scant. 
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The  more  eastward  flirection  of  the  marks  noted  above  in  sec. 
30  is  also  signiflonnt.  There  was  a  little  locsl  diBtarbance  of 
my  needle  at  tbe  point  where  the  striation  was  noted,  but  an 
allowance  was  made  foi;  this  by  comparison  with  the  direction 
of  the  needle  at  points  near  at  which  no  disturbance  was  noticed. 
The  normal  direction  of  ice-flow  in  this  part  of  the  state,  as- 
noted  ftarther  west,  is  S.  12°  to  25°  W.  Hence  the  east  margin 
of  the  ice-flow,  which,  according  to  Chamberlin,  would  haye  an 
oatward  movement  from  the  axis  toward  the  edge  of  the  glacier, 
must  have  been  that  which  produced  these  divergent  scratchee, 
leaving  the  country  farther  east  still  uncovered. 

About  the  north  ends  of  the  N.  B.-8.  W.  lakes  in  sees.  15  and 
16,  6^9,  is  an  interesting  series  of  exposures  repeating  th« 
phenomena  seen  in  sec  19,  63-9,  and  showing  pretty  well  that 
the  rock  there  designated  Di-F,  or  diabase  to  feltgte,  is  only  & 
condition  of  the  gabbro,  and  that  the  contorted  gneissio  stmctnrfr 
which  is  rarely  seen  in  it  is  superinduced  by  some  local  circum- 
stancefi.  Here  the  same  rock,  while  showing  frequently  a 
coarse,  often  twisted  and  broken  gneiasie  structure,  also  has  a 
heavy  bedded  structure  dipping  in  the  same  direction  as  the 
gabbro  and  conformable  with  it.  The  gneissic  structure  seen, 
here  mns  N.  30°  W.  and  is  nearly  vertical. 

This  rock  not  only  varies  to  a  gabbro,  but  also  to  an  olivine- 
biotite-gabbro,  or  biotitic  schist  of  fine  grain,  though  the  mica  is 
not  so  arranged  in  it  as  to  constitute  the  gneissic  stmctnre  of 
mica-schist,  bat  is  rather  uniformly  distributed  throughout  the 
rock.  There  is  in  it  also  no  quartz,  that  which  might  be  taken 
for  quartz  at  first,  being  rusted  and  rotted  toward  the  weathered 
sur&ce  and  crashing  easily.  No.  982  represents  a  series  ot 
specimens  procured  at  various  places  showing  different  condi- 
tioDB  of  this  biotite-oHviue-gabbro,  or  biotitic  schist,  all  from 
the  N.  B.  ends  of  the  little  N.  B.-a.  W.  lakes  mentioned  in 
sees.  15  and  16,  63-9,  mostly  in  the  rusted,  semi-decayed  and 
"muscovado"*  state.  No.  983  is  an  undecayed  sample  of  the 
same.  This  has  the  clear  gabbro-gray  color,  but  is  floe-grained. 
It  consists  very  largely  of  the  prevalent  feldspar,  but  has  much 
scattered  black -mica.  No.  984  is  a  quartzose  biotite-gneiss  from 
the  same  locality.  As  near  as  can  be  judged,  from  all  the  ap- 
pearances, the  downward  transitions  are  as  follows,  though  there 
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is  no  regalar  succession   in  vertical  order,  the  Tariatioos  being 
horizontal  aa  veil  as  perpendicular: 

1.  Gabbro,  coaise-gruined. 

2.  Biotit«-olivine-gabbro,  Hometimes  «>ntorte4Iy  goeiesic. 

3.  Diabasic  >md  TelBltic,  dark-colored,  rarely  becoming  gueiasic  and  inTolving 
similar  fiagroenta  that  are  fine-grained  and  welded  witli  itself. 

4.  QiiartKOse  biutite  gneiss,  unconformable. 

The  rock  983  continues sonthwestwai-dly  through  sec.  1&,  63-9, 
and  in  the  8.  W.  i  of  ^the  section  it  rises  in  bluffo  from  ten  to 
thirty-five  feet  high  on  the  Bontb  side  of  the  north  chanoel,  con- 
stituting a  large  member  of  the  gabbrb  rock.  It  is  again  repre- 
sented by  985,  but  here  appears  to  hold  alBO  olivine. 

&.  similar  flne-graiaed  olivine  rock  or  olivine-gabbro,  extends 
along  the  north  shore  of  the  river  in  sec.  17  and  20,  63-9,  bub  in 
the  northwest  part  of  sec.  20  the  rock  986  appears  near  the 
water,  which  is  a  very  fine-grained,  gray  micaceous  quartzyte, 
or  gneiss,  belonging  to  the  foregoing  Ifo.  4. 

Hear  the  centre  of  sec.  26,  63-10,  on  the  south  side  of  the  lake, 
the  outcropping  syenite  is  very  homblendic,  making  a  nearly 
black  rock.  In  patches,  however,  is  seen  a  fine  red  syenite,  the 
transition  from  one  to  the  other  being  abrupt.  The  red  syenite 
becomes  at  once  the  prevailing  rock.  This  fine  red  syenite  is 
much  developed,  in  hills  about  50  feet  high,  in  IS.  W.  iot  K. 
W.  i  of  sec.  26,  63-10. 

On  the  N.  W.  i  of  sec.  27,  63-10,  is  a  rock  that  is  represented 
by  089  (foar  samples),  a  fine-grained,  firm,  slightly  micaceons, 
<iaartzose  (and  also  feldspathic)  gray  rock,  with  evident  bedding 
(i.  e.  sedimentary)  planes  dipping  east,  50°  south,  at  an  angle  of 
75°  from  the  horizon.  It  resembles,  at  a  glance,  the  graywacke 
of  Vermilion  lake,  in  color  and  grain,  and  almost  every  respect. 
The  few  mica  scales  seen  are  not  of  biotite,  but  are  greenish.  It 
is  nothing  different  from  some  of  the  beds  associated  with  the 
gniywacke  of  Vermilion  lake.  It  resembles  984,  except  that  it 
shows  no  black  mica.  Across  the  river,  N.N.  K.  from  this  rock 
is  a. nearly  white gneissic  rock,  a  kind  of  feldspathic  gray wacke, 
dipping  X.  E.  his  has  some  reddish -weathered  spots.  Inthe 
line  of  strike  east  from  No.  989  is  a  small  island  in  the  lake,  so 
near  the  shore  that  it  can  noc  be  of  any  other  rock  than  989.  It 
contains  rock  991,  and,  while  it  is  gray  within,  and  has  the  same 
gneissic  or  faintly  bedded  structure,  it  weathers  light- red  and  at 
3,  distance  might  be  taken  for  fine  red  syenite. 

A  little  east  of  990  appears  992,  a  kind  of  chloritic  syenite. 
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This  ia  masaive,  or  heavily  bedded,  withont  gneissic  structui'e, 
leathers  red  —  apparently  an  emptive  rock,  at  least  being  ont- 
TTOrdly  disposed  like  an  eruptive.  It  is  closely  cross-jointed, 
making  small,  lenticular,. an gulnr  bloeks.  It  continues  east  along 
the  north  shore  (993),  as  far  as  the  quart«r-po8t  of  sec.  22,  and 
becomes  the  red  syenite  noted  further  east.  On  the  point  be- 
tween the  two  bays,  on  the  south  side,  N.  E.  k  of  sec  27,  63- 
10,  the  rock  is  the  same  as  991,  and  dips  southerly,  but  with  a 
less  evident  gneissic  structure.  Finely  twisted  and  back -folded 
^  bedding  can  be  seen  on  the  weathered  sarfoce,  like  some  seen 
in  the  graywacke  on  sec.  20,  62-15,  showing  a  former  plastic, 
or  nearly  plastic,  condition.  In  the  midst  of  it  appears  rook 
i-eprescDted  by  991,  which  is  a  floe  red  syenite.  This  is 
taken  at  random  from  the  Burtiace  of  this  graywacken 
.gneiss.  It  is  sub -crystalline,  yet  contains  many  fragmental 
grains.  The  color  is  light-red,  sprinkled  through,  or  about 
evenly  divided  with,  a  light-green,  the  former  being  apparently 
«rthoclastic  and  thelatter  chloritie.  This  shows  the  possibility, ' 
nay,  the  actuality,  of  this  graywacken  gneiss  becoming  the  pre- 
vailing red  syenite  of  this  region,  the  whole  having  resulted, 
as  already  intimated,  from  a  modification  of  the  sedimentaries. 
This  graywacken  gneiss,  when  fused  completely,  seems  to  have 
produced  the  rook  993.  When  changed  lees  it  constitates  the 
"palisade  rock"  of  this  region,  and  mingles  with  thegabbro. 
When  less  changed  it  makes  the  red-weathering  fine  sub-crystal- 
line gneiss.  This  interesting  observation,  while  it  may  not  ae- 
■oount  for  all  the  red  syenite,  and  the  gneiss  of  the  region,  yet 
affords  a  plausible  supposition  for  the  origin  of  that  which  is 
closely  aasooiated  with  the  gabbro  rock.  It  seems  that  no 
theoretical  conclusions  based  on  mineralogical  paragenesis  and 
on  microscopical  inspection  of  thin  sections  can  be  brought  to 
bear  adversely  on  so  conclusive  field  evidence  as  is  here  afforded 
~within  the  space  of  a  quarter  of  a  mile. 

Another  form  of  the  modified  sedimentary  rock  is  995, 
which  succeeds  to  the  rock  991  in  the  N.  W.  i  of  sec  28,  63-10. 
It  is  hornblendic,  quartzose,  orthoelastic — at  least  has  reddish 
feldspar  grains  (not  crystals) —  micaceous,  gray,  firm.  It  makes 
the  long  rapids  here,  and  rises  in  the  form  of  a  ridge  running 
K.  B.  and  S.  W.  in  the  direction  of  the  strike  of  the  rock  991, 
rising  about  80  feet  above  the  river.  The  dip  is  southeasterly, 
at  an  angle  of  80°  from  the  horizon.  Aloog  theimmediate  river 
channel  this  rock  rises  on  the  right  and  lefti  somewhat  in  the 
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manner  of  the  red  ayenite  or  "palisade  rock,"  nearly  perpen- 
dicalar,  having  a  jointed  and  pseu  do -basaltic  appearance. 

At  the  foot  of  the  portage-trail  which  passes,  on  the  north . 
side,  round  these  long  rapids,  K.  W.  l  see.  28,  63-10,  bat  a  little 
to  the  north,  is  a  hill-range  made  up  of  a  diflferent  rock  (996). 
This  is  similar  to  that  which  makes  the  Eawasachong  falls,  and 
also  resembles  the  rock  987.'  This  is  a  heavy,  basic  rock,  of 
eruptive  origin,  much  confnsed,  containing  some  quartz  veins 
conformable  with  the  flowage  structure,  and  some  red-weather- 
ing crystals  or  patches.  From  this  place  the  ranges  seem  to 
bear  away  somewhat  N.  of  W.  since,  at  the  beginning  of  the  next 
rapids,  on  the  north  side  of  the  river,  a  syenite,  like  993,  ap- 
pears as  a  "palisade"  bluff.  This  is  in  the  north  part  of  sec  29, 
63-10,  near  the  north  section-line.  Syenite  rock  forms  the  rap- 
ids also  in  the  N.  E.  i  of  sec.  30,  and  continues  to  the  town- 
line  between  63-10  and  63<11.  sometimes  varying  to  a  gneiss, 
which  again  varies  to  mica-schist.  This  mica-schist  can  be  seen 
on  the  south  side  of  the  river  in  the  S.  K  1  of  sec.  30,  and  a 
quarter  of  a  mile  forther  west  on  the  north  side.  At  the  town- 
line  the  bluff  on  the  south  side  is  aboat  30  feet  high  and  consists 
of  syenite. 

For  a  description  of  Uie  remainder  of  the  Eawishiwi  valley, 
from  the  town-line  to  Farm  lake,  in  63-11,  consult  the  report  of 
A.  WincheU. 

GENERAL  l^EORETICAI,    SECTION    OF    THE  FOREOOINQ 
DESCRIBED  ROCKS. 

A  provisional  attempt  may  now  be  made  to  groap  the  descrip- 
tions that  have  been  given  of  the  chief  hill-making  rocks  in 
some  systematic  stratigraphic  scheme.  It  seems  to  the  writer 
that  the  rocks  are  related  stratigraphically  to  each  other  as 
expressed  by  the  figure  (49)  that  follows. 


—General  geologUnd  section.  ' 
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Explanation  op  Fig.  49. 

1.  Unbbro;  this  seems  to  have  been  poured  oat  and  spread  over  the  np- 
tamed  gedimentaiy  beds  that  preceded  it  In  its  lower  port  ions,  where  it  came 
into  contact  with  the  sedimentsiries,  it  was  variously  uu>dified  into  No.  2,  and 
also  embmced  and  tTansported  maasee  that  were  detached  Irom  the  Bedimentnriee. 
It  probably  issued  ftom  innumerable  vente,  hut  the  points  of  issue  were  probabl]'' 
arranged  somewhat  as  tbe  rock  is  distributed,  i.  e.  in  a  longitndiual  series  run- 
ning from  Dnlnth  to  the  boundary  line  at  tiunflint  lake.  This  is  a  true  emptive 
rock  and  came  ftom  a  deep  source  within  the  craat  of  the  earth.  It  forms 
the  great  Mesahi  range,  and  is  iron-bearing,  the  iron  generally  being  titnnic. 

3.  DiabBsic  doleryte.  This  also  takes  the  forms  of  olivine-beariug  and 
biotltic  gabbro  ("muscovado"),  especially  when  the  gabbro  bonndarj-  is  adja- 
cent. When  the  gabbro  bonndarj  is  more  remote,  this  rock  alone  seems  to 
make  important  hill-ranges,  and  is  then  not  so  apt  to  be  biotitic.  In  some 
placfH  this  is  a  conspicuous  rock,  and  in  others  it  is  of  not  much  account  in  a 
topographic  sense.  It  causes  the  &lls  of  Kawaaachong,  extends  along  the 
south  shore  of  Pall  lake  in  both  directiona,  east  as  &r  as  the  Pipestone  lapids. 
hardens  the  graywockes  sonth  of  Long  lake,  lies  on  the  jaspilyte  at  various 
placM,  and  by  incipient  deday  is  converted  to  a  more  or  leas  fissile  chloritic 
schist,  and  in  this  ftate  seems  to  pMS  sometUnen  for  a  seridtic  schist.  This  is 
a  tme  igneous  lock. 

3.  Reddish  gneiss  and  syenite,  both  coMse  and  fine  grained.  Tbe  "  led- 
rock  "  of  earlier  leports,  particularly  that  associated  with  the  gabbro  along  the 
Mesahi  range.  Tbe  Misqnah  hills  ate  composed  of  this.  The  s;enit«  of 
White  Iron  lake,  and  that  of  tiie  Giant's  range  ("Messaba  Heights")  are  sup- 
posed for  the  present,  to  be  extreme  exhibitions  of  the  ontburst  of  this  rock. 
It  seems  to  lie  due  in  this  last  case  to  a  fusion  of  the  sedimentary  beds  in  lifu, 
and  tbe  protrusion  of  the  molten  rock  through  the  openings  that  may  have 
existed  in  the  adjoining  strata.  Still  in  most  bases  there  was  no  complete 
fusion,  but  a  more  or  leseadvanced  recrystnjlization  of  the  sedimentary  strata 
in  n'fu,  as  in  sec.  27,  63-10.     This  has  been  regarded  as  of  Laurentian  age. 

4.  Broken  and  hardened  giaywacke,  sericitic  schist,  argillyte,  quartzyte  and 
jaspilyte.  This  member  is  protean  in  its  composition  and  variations.  It  seems 
to  include  most  of  the  rocks  about  Vermilion  lake,  except  the  schists  of  the 
Vermilion  group,  and  such  of  the  schistn  or  other  modified  rock  as  may  prove 
to  be  of  eruptive  origin  in  the  southern  part  of  the  lake.  The  argillitic  slates 
are  simply  a  variation  irom  the  sericitic  schists.  The  jaspilyte  and  ore  are  some- 
times a  magnetic  qnartz-echist,  and  sometimes  nearly  black.  This  seems  to 
graduate  conformably  into  the  next. 

5.  Micsrschist,  hornblende  schist  and  diroyte.  The  Vermilion  grovp.  This 
graduates  conformably  into  a  gneiss  and  to  a  granite,  which  has  been  regarded 
as  of  lAurentian  age.  On  the  other  hand  where  No.  3  gnidnate«  into  the 
bedded  sedimentariee,  it  is  apparently  always  ^enite,  and  has  been  i^arded 
Laurentian. 

B.     Mica-schist  and  granite  veined  vrith  syenite  and  giannlyt«.    This  is  the 
lower  portion  simply  of  No,  6. 
7.    Lower  syenite  and  gneiss,  generally  regarded  Lanrentian. 
There  are  a  great  many  nnsettled  problems  yet  involved  ia  the 
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geolt^y  of  these  rocke,  the  solution  of  which  can  not  now  be 
given.  When  they  are  investigated  —  and  some  of  them  most 
be  before  the  above  scheme  can  be  considered  demonstrated— 
they  may 'show  that  it  is  necessary  to  vary  from  this  generaliza- 
tion. There  are  some  reasons  for  believing  the  Animikie  I'ocks 
overlie  the  greenstone  (No.  2  above)  and  underlie  the  gabbro. 
It  is  only  designed  here  to  express,  so  far  as  the  work  of  the  snr- 
vey  haa  progressed,  what  grand  results  of  stratigraphy  and  rock- 
genesis  are  indicated. 

FBOU  FALL  LAKE  TO  THOMAS  LAKE. 

Felsitic  schist,  probably  a  rotted  condition  of  the  felsyte  (or 
porodyte)  that  forms  Stuntz  island,  is  the  rock  causing  the 
rapids  at  the  N.  E.  end  of  Fall  lake,  sec.  3,  63-11,  bat  in  some 
places  further  down,  a  glittering  micaceoos  schist  appears.  On 
the  portage  trail  this  schist  is  seen  to  be  sometimes  fine  and 
almost  flinty.     (H09.) 

Bassieood  Jake.  At  the  beginning  of  Basswood  lake  (pipe- 
etone  rapids)  the  rock  consists  essentially  of  the  green  rock  (or  a 
green  rock)  which  has  been  supposed  above  to  be  of  igneous  ori- 
gin, and  a  syenitic  gneiss.  There  is  a  perpendicular  contact  of 
the  two  visible  iu  the  blnfif  on  the  right  side  of  the  river  about 
six  rods  below  the  foot  of  the  "falls."  The  green  rock,  how- 
ever, rarely  shows  its  original  condition — a  perfectly  preserved 
doleryte,  but  varies  to  a  hornblendic  rock,  and  to  a  fine  mica- 
schist.  Tremolitic  schist  see&is  also  to  be  one  of  its  conditions. 
The  greatest  changeof  this  kind  is  seen  near  the  top  of  the  bluff, 
and  along  the  open  seams  and  at  the  point  of  contact  with 
the  syenite.  The  cliff  on  the  left  bank  I  did  not  examine,  bat  it 
had  the  general  jointed  aspect  of  a  basaltic  rock,  and  seemed  to 
be  either  wholly  eruptive  or  so  affected  by  igneous  contact 
that  it  has  acquired  an  igneous  facies. 

The  syenite  is  closely  jointed,  nearly  pei^iendicalarly,  so  as  to 
present  a  basaltic  structure,  simulating  sedimentary  bedding. 
It  is  rather  fine  to  medium  grained. 

In  section  6,  64-10,  at  the  west  end  of  the  portage  the  rock  is 
mica-schist  and  syenite,  but  mostly  the  former,  having  conform- 
able and  approximately  conformable  bands  and  veins  of  syenite, 
as  repi'esented  by  1108.  It  is  a  firm  rock,  having  a  bedding,  or 
at  least  a  fibrous  lamination  that  runs  south,  60°  weet.  But  this 
strnctare  is  often  interrupted  by  nodules  of  syenite,  and  is  cod- 
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torted  and  cnrring,  and  seamed,  holding  some  veins  of  chemical 
quartz  that  extend  in  the  Bame  direction.  This  mica-schist  is 
part  of  a  prominent  belt  that  strikes  S.  W.  from  sec.  6,  64-10, 
across  the  bay,  forming  islands  and  hills,  into  sees.  1,  11  and  15, 
61-11.  The  rock  is  £rm,  having  a  firm,  leaning, columnar,  psendo- 
basaltic  jointage,  which  is  cut  perpendicularly  by  another 
set  of  planes  that  ft'om  certain  points  of  view  cause  a  semblance 
of  sedimentary  bedding  to  appear  dipping  IS.  W.  about  10°,  and 
the  upright  basaltic  and  schistose  stmctnre  dipping  S.  E.  about 
75". 

The  island  crossed  by  the  section  line  between  sees.  11  and  12, 
64-11  (the  northerly  one),  is  made  of  what  appears  to  be  a  fine- 
grained, dark,  firm,  fibrons,  siliceous,  actinolitic  schist  (So. 
1026).  It  rises  fifty  feeb  above  the  lake.  The  rock  has  a  distinct 
strike,  about K.  45°  £.,and  dips  S.E.  about  75°  from  the  horizon. 
This  shows  no  banding  like  sedimentation,  but  a  finely  streaked 
and  schistose  upper  surface.  In  these  streaks  are  involved  dif- 
ferent minerals,  the  principal  one  apparently  quarts.  Some- 
times the  streaks  are  arranged  on  the  weathered  snrface  like 


Fig.  50, — Apparent  igneous  rock  changed  to  mica-schist. 
that  which  Is  attributable  to  igneous  flowage,  seen  on  diabase 
rocks.  Throughout  it,  runs  the  finely  fibro-schistose  structure 
or  rift,  which  causes  it  to  disintegrate  in  sheets,  and  irregnlar 
blocks  and  Bakes  elongated  in  the  direction  of  the  strike;  eat, 
however,  transversely  by  jointage  into  somewhat  sharply  angular 
forms.  -It  has  very  much  the  aspect,  at  a  distance,  of  a  sedi-  . 
mentary  schist.  Still  it  can  all  be  supposed  to  be  a  modified  erup- 
tive rook.  If  so  it  is  not  allied  to  the  green  chlorite  schist  which 
at  Garden  lake  results  from  a  change  of  diabase,  but  is  probably 
of  older  date,  and  belongs  in  the  Vermilion  group. 

On  an  island  in  the  lake,  in  sec.  1,  6411,  another  distinct  con- 
tact can  be  seen  in  this  old  group.  It  is  represented  by  Fig. 
49.     It  runs  nearly  perpendicular  from  the  water. 
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III  the  contact  plane  U  dereloped  a  quartz  vein  about  a  foot 
wide    The  rocke  here  coDoeraed  are  as  follows: 

1027.  Oneissic  syenite  quartzose,  reddish,  mediam-grained, 
apparently  becomiug  micaceous  by  change,  on  the  right  of  the 
contact. 

1028.  Micaceous  dark  rock,  from  the  left  of  the  contact,  bnt 
near  the  qnartz.  This  contains  a  thin,  reddish,  granalyte  vein. 
This  is  dark -colored,  aod  though  micaceous  is  not  a  mica-sohist. 
The  other  minerals  are  diffioalt  to  determine,  bat  there  are  evi- 
dent quartz  and  red  feldspar. 

1029.  About  one  foot  from  the  contact,  evidently  cemented 
by  a  quartz  frame-work,  but  ooutains  mica  and  reddish  ortbo- 
clase. 

1030.  Dark,  reddish-gray,  siliceous,  fine-grained,  massive, 
but  rather  coarsely  jointed. 

1031.  Similar  to  1028,  fifteen  feet  from  the  contact. 

These  two  rocks,  by  their  color,  joint^e  and  general  fades, 
show  a  noticeable  contrast.  The  evidence  is  not  conclusive  that 
the  dark  rock  was  originally  igneous, — nor  that  the  light-colored 
one  was  originally  sedimentary,  but  the  gist  of  the  whole,  in  the 
light  of  other  observatiooB,  rather  indicates  it.  There  is,  however, 
more  evidence  that  the  dark  one  ia  sedimentary  than  that  the 
light  one  is  eruptive. 

The  rock  of  Xortheast  cape,'  sec.  23,  65-10,  is  represented  by 
No.  1032  —  a  flne-gralnfed  gneiss  which  is  micaceous  rather  than 
homblendic.  It  weathers  red,  though  it  is  gray  within,  some- 
times showing  the  warped  and  lenticular  indosure  of  masses  of 
apparently  some  other  rook  round  which  a  schistose  fiowage 
structure  is  developed. 

This  rock  (1032)  is  cut  by  two  bands  of  dark  gneissic  rock,  rep- 
resented by  1033.  This  appears  to  be  a  micaceous,  qnartzose 
dark  gneiss  similar  to  No.  1030.  These  bands  run  about  E. 
and  W. 

It  is  also  cut  and  ramified  by  rock  1034,  a  sort  of  coarse  vein-  - 
rock,  or  reddish   granulyte,  apparently   containing   the  same 
minerals  as  1032  (except  mica),  but  in  lai^er  crystals.     This  is 
probably  of  chemical  origin.     Bock  1033  is  also  cut  by  veins  of 
light-colored  granulyte,  bnt  less  coarse. 

On  the  portage  from  Ensign  to  JUvmon  lakes.  Argillitic  slate 
appears  near  Ensign  take,  N.  £.  \  sec  14, 64-8,  fallen  in  detached 
masses  so  as  to  lie  in  discordant  strike  in  various  positions. 
About  half  a  mile  Hirther  a  ridge  of  modified  graywacke  andof 
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scbiatose  slaty  arsiUyte,  rlseB  about  sixty  feet  on  the  north 
side  of  the  little  creek,  and  the  port^e  trail  passes  over  it.  Its 
strike  isK.  66°  E.  At  the  east  end  of  this  portage,  near  the  oen- 
tre  of  see.  13,  64-8,  rock  No.  1035  is  exposed  at  several  points. 
It  is  a  fiae-Krained,  dark-gray,  hea^y  rock  (oliviiiitlcl),  which 
appears  in  some  places  schistose  (E.  anci  W.  and  vertical)  though 
not  with  that  fine  schistose  lamination  seen  in  the  chlorite 
schists ;  but  much  more  coarsely  and  broken1y-irr^;ular-flowage 
lamination,  the  parts  being  connected  by  Tein-matber  which 
shows  a  rigid  reticulation  on  the  surface  when  weathered.  It 
seems  in  the  main  to  be  a  sedimentary  rock,  though  apparently 
invaded  and  sometimes  permeated' by  igneoas  matter.  Very 
rarely  can  a  distinct  sedimentary  banding  be  seen,  though  this 
veining  and  this  schistose  strocbure,  being  in  the  usoal  direc- 
tion of  the  strike  of  the.  schists  and  sedimentary  beds,  would 
very  easily  pass  for  sedimentary  structure. 

lUugion  lake.  The  north  shore  of  IlloBion  lake  has  several  out- 
crops of  the  same  rock  (1036)  as  the  last  described,  with  occa- 
sional better  evidence  of  sedimentary  structure.  The  strata  (1) 
stand  about  vertical,  or  dip  toward  the  south  80°-S&°.  As  a 
sedimentary  rock,  it  would  bedesigaated  in  the  field  a  fine,  gray, 
arenaceous  qnartzyte.  Bat  it  is  heavy,  and  considerably  resem- 
bles some  form  of  the  gabbro  rock  near  its  contact  with  the  sedi- 
mentaries.  It  is  greatly  broken  and  recemented.  On  a  little 
island  near  the  southwest  shore,  this  rock,  or  a  similar  one,  is 
contorted;  and  although  bedded,  and  like  sedimentary  rock  in  its 
apparent  structure,  it  is  twisted  like  some  of  the  graywacke  seen 
at  Tower,  dipping  in  opposite  directions  on  the  same  surface  ab 
intervals  of  twenty  feet.  The  main  strike  seems  to  be  northeast- 
erly, but  the  convoluted  condition  of  the  strata,  Imitating  that 
of  some  of  thejaspilyte,  will  not  justify  any  statement  that  can 
be  relied  on  as  to  strike. 

The  south  half  of  this  lake  has  shores  of  gabbro  (1038).  It 
first  appears,  on  the  east  side  of  the  lake  in  the  form  of  1037,  a 
muscovado  gabbro,  finely  grannlar,  somewhat  gray  or  yellowish. 

The  curiously  involved  and  convoluted  bedding  seen  in  the 
rock  on  the  small  island  above  mentioned,  and  in  other  places 
about  this  little  take,  as  well  as  at  other  points  where  this  hori- 
zon is  encountered,  seems  to  pertain  to  the  under  poi-tion  of 
the  gabbro,  the  irregular  contortions  being  due  to  fiowage  over 
the  nneven  sur&ce  of  the  older  rocks. 

From  a  small  island,  a  little  south  of  the  island  above  de- 
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scribed,  was  obtained  No.  1039,  which  is  a  biobitic  gneiBS,  the 
same  as  seen  at  the  most  aorthera  torn  of  the  Kavishiwi,  and  at 
the  same  relative  position  respecting  the  great  gabbro  overflow. 

At  the  portage  from  Illasion  lake  to  Ima  lake  the  trail  passes 
over  a  ridge  of  gabbro  thatr  rises  perhaps  seventy-five  feet  above 
Illusion  lake. 

The  shores  of  Ima  lake  are  formed  of  gabbro  entirely.  The 
stream  which  enters  the  east  end  of  Ima  lake  expands  into  a  lake 
in  sec  20,  64-7,  and  also  again  in  sec.  29  soon  after  it  leaves 
Thomas  lake. 

Thomas  lake.  The  entire  shore  of  Thomas  lake,  and  all  its 
islands,  consist  of  gabbro  in  some  of  its  modifications. 

OntheN.  E.  \  of  sec  29,61-7,  a  little  west  of  the  meander  corner 
of  sees.  28  and  29,  the  gabbro  assames  a  very  ferruginous  char- 
acter, even  coostitates  a  fair  iron  ore,  bat  it  exhibits  only  a 
small  outcrop  at  the  beach.  The  needle  is  disturbed  by  it.  The 
chief  other  ingredient  of  the  rock  is  olivine.  In  other  places 
near  here  the  gabbro  is  not  noticeably  ferriferous,  bat  is  olivin- 
itic.     This  ore  is  No.  1040. 

Near  the  central  part  of  Thomas  lake,  in  the  X.  W.  \  of  sec 
33,  64-7,  are  three  isolated  crags  of  gabbro  standing  ont  of  tiie 
water,  having  fantastic  forms.  These  were  named  Liberty  cap. 
Sphinx  and  Pyramid  islands. 

Prater  lake  is  similar  to  Thomas  lake,  in  its  geology.  It  even 
has  a  similar  magnetic  iron  ore  deposit  on  its  north  shore,  (S.  W. 
i  sec  14,  64-7)  formed  by  a  fermginons  spot  in  the  sarrounding 
gabbro.  A  good  qaality  of  ore  can  be  obtained  here  (1041), 
hot  it  might' be  badly  affected  by  titanium.  At  the  place  of  this 
iron  deposit,  a  few  years  since,  some  mining  was  done  for  gold! 
The  works  were  in  the  gabbro  rock.  The  owner  pi'ecipitately 
abandoned  the  place,  refusing  to  carry  away  the  assaying  ap- 
paratns,  and  the  chemicals,  mining  tools,  provisions,  dynamite, 
and  also  the  "  assayor  "  under  whose  guidance  the  work  was  car- 
ried on,  involving  an  expense  of  several  thousand  dollars.  The 
man  who  was  abandoned  was  taken  away  subsequently  by  some 
Indians.  A  forest  fire  injured  some  of  the  property,  but  the- 
shanties,  the  chemicals,  hammers,  drills  and  assay  jars,  cupels, 
forge,  anvil,  etc,  still  remain,  a  testimony  of  ill-guided  capidity, 
such  as  be«omes  infatuated  with  the  belief  that  wherever  some 
"experienced  miner"  declares  coal,  or  iron,  or  gold  exists,  there 
it  is  safe  to  expend  money  in  search  for  it. 

About  the  shores  of  the  lake  in  the  river,  in  sec  11,  64-7, 
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appears  the  intermediate,  gneissic,  blotitic  gabbro  (1042)  which 
here  seems  to  embrace  pieces  of  other  rock  and  has  contorted 
bedding  and  flowage  stractare.  It  resembles  in  all  these  re- 
spects the  phenomena  seen  on  the  islands  in  Illusion  lake.  Here 
it  appears  as  the  lower  part  of  the  gabbro.  Indeed  the  most 
northern  exposed  rock  seen  on  this  lake  is  a  true  gabbro,  but 
fine-grained  and  msted,  having  the  aspect  of  mnscovado  sugar. 

The  ridge  which  separates  the  lake  in  the  river,  from  -Keke- 
kabic  lake  is  formed  apparently  by  a  floe-grained  greenish  rook. 
The  north  declivity  is  over  a  hnndred  feet,  but  the  south  side 
descends  not  more  than  ten.  This  green  roek  is  probably  a 
somewhat  rotted  condition  of  the  fine-grained  lower  part  of  the 
gabbro. 

Sekekabic  lake.  At  the  southeast  end  of  Kekekabic  lake,  at 
the  head  of  the  little  gulf  projecting  into  sec.  11,  64-7,  the  rock 
that  appears  at  the  shore  is  represented  by  "So.  1044.  This  rock 
is  speckled  with  light  flesh-red  crystals  apparently  of  orthoclase. 
It  is  Bub-crystalltQe  throughout,  bat  its  grained-color  is  gray.  It 
is  another  illustration  of  recrystallization  of  the  sedimentaries 
in  the  vicinity  of  disturbance.  This  was  apparently  a  gray- 
wacke  rock  at  flrst. 


Fig.  Bl. — Profile  of  the  south  aide  of  an  island  in  Kekekabic  lake. 
The  same  rock  extends  along  the  south  shore  of  Kekekabic 
lake  through  sees.  2  and  3,  64-7,  but  becomes  more  and  more  red 
and  eyenitic.  (Xos.  1045  and  1046.)  It  also  constitntes  the 
islands  in  the  lake  that  are  situated  in  sec.  3,  64-7  (Nos.  1100, 
1101).  The  aspect  in  general  is  that  of  a  thin-bedded  gneissic 
(syenitic)  rock,  the  bedding  dipping  southerly  about  25°  from 
the  horizon.  On  the  island  near  the  centre  of  sec.  3,  64-7,  a 
bedded  structure  is  brought  ont  to  view  by  weathering,  and  is 
not  that  of  sedimentation,  only  so  far  as  its  direction  may  have 
been  dae  to  that  cause.  It  is  now  rather  the  coai'se  undulating 
bedding  that  is  oiten  seen  in  igneous  rocks,  that  have  been  in 
flow.  This  dips  about  25°  N.  and  is  crossed  by  joints  that  give 
it  a  coarsely  columnar  aspect  when  viewed  from  certain  direc- 
tions.   Fig.  61  shows  the  profile  of  the  south  side  of  this  island. 
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The  most  westeriy  island  is  repreaented  by  rock  N'o.  1100. 
Thvk  is  a  reddish  syenite,  bat  was  a  fr^meotal  rock  origintUly. 
It  hafi  a  rather  fine,  lentionlarly  Bc^istose  jointage  that  is  irre^- 
lar  in  it«  direction  and  in  ite  flneness.  On  the  notth  side  of 
this  island  this  rock  is  tees  red,  and  grayish-green  (1101)  thoagh 
still  having  some  red  orthoclase  mingled  with  it  somewhat  por- 
phyritically.  This  shows  a  nearer  approach  to  the  original 
grayish  sedimentary  condition.  It  is  a  firm  rock,  with  free 
qnartz,  sub-crystalline,  and  apparently  a  mixed  syenitio  metamor- 
phiem  after  HOme  graywacke.  It  is  sparingly  spotted  with  what 
appear  to  be  forms  of  bonlders  aad  pebbles  dae  to  an  original  con- 
glomeritic  condition.'*'  These  are  now  greenish,  or  micaceous, 
Cftntraatiug  markedly  with  the  mass  of  the  rock.  There  is  visible 
sometimes  not  only  a  conglomeritic,  bat  a  sedimentary,  bsuded 
structure,  dipping  30°  from  the  horizon,  south  10"  west.  Yet  the 
most  conspicnous  bedding  is  that  which  dips  30°  to  40°  N.  10"  E 
This  (latter)  causes  on  the  south  side  sometimes  a  perpendicular 
or  overhanging  blaff,  by  the  underwear  of  the  lake.  This 
somewhat  undulating,  north-dipping  bedding  is  what  I  have 
called  sometimes  provisionally  a  flowage  structure,  and  it  may 
be  due  to  that,  since  when  it  is  most  developed  the  sedimentary 
banding  is  invisible.  The  sedimentary  banding  is  visible  most 
distinctly  at  the  southeast  angle  of  this  island.  Here  was 
sketched  Fig.  62. 


Fig.  52. — Profile  vieic  of  the  tpesterly  island  in  Kekekabic  lake. 

The  largest  island — Animikie  island — is  represented  by  rocks 
1102, 1103  and  1104,  the  first  from  the  west  end,  the  second  from  the 
northwest  corner,  and  the  third  from  the  east  end  of  the  island. 
The  first  is  the  same  qnartzose  syenitic  rock  as  1101.  The  sec- 
ond shows  red  and  gray  variations,  dne  probably  to  difference  of 
composition  iu  the  original,  and  the  last  is  greenish,  fine-grained, 
heavy  and  diabasic,  probably  the  same  as  the  original  of  Xo. 
1043. 

There  is  a  little  island  northeast  of  Animikie  island  situated 

*  Compan  lb#  Sauk  RHpldB  ffmy  *'^rmnLte.'* 


„Googlc 


STATE  QBOLOOIST.  883 

in  the  K.  W.  i  of  sec.  2,  64-7,  vhiflh  consists  in  tbe  main  of  tliis 
same  firm  syenite.  Bat  it  is  porphyritic,  at  the  same  time  Uiat 
it  is  conglomeritic.  This  is  ^owu  by  Xo.  1106,  fh>m  the  north 
side  of  the  island.  A  little  farther  toward  the  east  was  obtained 
2^0.  1106,  which  is  a  bi<ri^itic  crystalline  rock,  gray  in  color  but 
porphyritic  with  flesh-red  feldspar,  and  blotched  by  pebbly  forms. 
A  single  specimen  shows  all  these  characters.  It  is  firesh  and 
bard.  This  mast  hare  been  very  near  the  ti-ansition  point  from 
the  biotitic  gabbro  to  the  older  sedimentaries,  and  shows  a 
mingling  of  the  characters  of  both,  the  original  clastic  rock  hav- 
ing been  a  conglomerate.  The  porphyritic  crystals  are  devel- 
oped both  in  the  pebbles  and  in  tbe  matrix,  but  in  the  former 
are  namerous  reddish  grains  that  are  not  perfect  crystals,  giving 
the  areas  of  the  pebbles  a  very  disbinct  contrast  with  the  gray 
matrix.  The  biotite  scales  or  crystals  are  scattered,  so  far  as 
seen,  only  throngh  the  general  matrix.  Some  of  the  pebbles  are 
of  green  chloritic  rock. 

It  seems  that  the  gabbro  sheet  must  have  extended  consider- 
ably further  north  at  first,  covering  the  sedimentaries  and  chang- 
ing them  by  its  heat,  and  that  by  glacial  and  other  atmospheric 
agencies,  its  northern  limit  has  been  driven  south,  nncoveriug 
the  modified  rock.     Tbns  — 


M^.SS. 


Fig.  53. —  Theoretic(d  northern  border  of  the  gabbro  omA  its  relation 
tc  the  sedimentaries. 

Explanation  of  Fig.  ?3. 
1.    GAbbio  sheet. 

5.  Contact  layer  of  the  gabbro  sheet,  sometimes  diaboaic,  and  some- 

times biotitie  and  fine-grained. 

3.  Uodified  upper  surface  of  the  sedimentaries. 

4.  Unmodified  sedimentariee. 

6.  Supposed  original  limit  of  the  gabbro  sheet. 

At  the  southwest  corner  of  Kekekabie  lake,  3.  W.  \  of  sec.  3, 
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6i-7,  the  rock  1047  embraces  1048,  The  former  is  a  fine-grained 
gabbro-like  rock,  not  typical  gabbro,  bat  evidently  that  ooodi- 
tioQ  of  the  gabbro  sheet  which  is  always  met  near  the  northera 
limit,  and  the  latter  is  in  sab-angnlar  and  rounded  pieces,  and 
sometimes  seems  to  shade  into  the  inclosing  rock,  or  at  least  to 
become  so  intimately  united  with  it  by  cementation  that  no  line 
of  distinct  iraosition  can  be  seen.  It  appears  finely  granalar — 
even  as  finely  granalar  asthedisintegratingjaspilyte  of  the  Iron- 
bearing  rocks  at  Tower.  Its  color  is  gray,  and  were  it  not  so 
finely  granalar  it  might  be  considered  the  same  as  the  "masco- 
vado"  rock  before  mentioned  —  which  indeed  it  Biay  be  in  its 
nature  and  origin.  Most  of  the  inclosed  pieoee  are  rounded.  The 
inclosing  rock,  1047,  weathers  away  much  foster  than  these 
inclosed  pieces,  and  hence  the  rough  outward  appearance 
caused  by  the  projecting  knobs  of  104^  gives  the  weathered 
surfaces  a  jagged  and  forbidding  aspect, —  particularly  when 
approachd  in  a  gale,  in  a  birchen  canoe. 

At  the  same  time  this  coarse,  apparently  fragmental  rock,  is 
replaced,  at  intervals,  by  a  rock  that  is  seamed  in  all  directions 
like  the  diabasic  schist,  or  biotltie  gneiss,  seen  in  so  many 
places,  the  seams  being  firmer  and  persistent,  while  the  mass  of 
the  rock  wears  away,  producing  a  reticulated  network  of  promi- 
nent and  finer  sharp  ridges  all  over  the  exterior.* 

An  eighth  of  a  mile  northwest  of  where  Sos.  1047  and  1048 
were  obtained  (where  no  distinct  prevalent  dip  could  be  seen, 
but  apparently  a  grand  structure  dipp'ing  S.  W.)  is  an  appear- 
ance of  the  same  red  rock  as  1046,  dipping  W.  X.  W.  It  forms 
a  bluff  about  ten  feet  high,  but  does  not  continue  &r,  for  the 
lower  part  of  the  igneous  formation  returns,  exhibiting  the  same 
characters,  in  a  bluff  that  continues  along  the  west  shore  of  the 
bay  in  the  east  side  of  sec.  4,  and  rises  25  or  30  feet  perpendicu- 
larly. In  this  bluff  only  the  lower  part  appears  to  he  i>ebbly 
(1049);  while  the  top  appears  to  consist  of  a  fine-grained  gabbro 
(1050),  some  of  it  having  disseminated  red  crystals,  making  an 
orthodase-gabbro  (1051). 

When  this  orthoclase-gabbro  comes  into  contact  with  the  red- 
rock  (1052)  it  acquires  the  orthoclase  element.  One  snch  contact 
is  seen  a  little  further  north — at  the  W.  i  of  sec.  3,  64-7 — on 
the  point,  and  the  red-rock  dips  S.  8.  W. 

Along  the  east  half  of  the  south  side  of  the  little  bay  at  the  K. 

*  A  pholognph  vu  mnde  ot  one  »r  ihe  Urgei  fslltn  wisthered  fragiii«nU  u  It  lajr  tn  tba 
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E.  corner  of  sec.  4,  64-7,  a  fiae-grain^d  nearly  black  rock  (1063) 
strikes  nearly  S.  and  W.  and  along  the  west  half  it  strikes  N. 
E.  and  S.  W.  and  at  the  depth  of  the  bay  the  overlying  pebbly 
igoeoas  rock  appears  on  a  sharp  little  point.  This  rock  is  evi- 
dently one  of  the  fine-grained  of  the  tragmental  series.  It  has  a 
bedding  that  dips  conspicnously  at  an  angle  of  45°-50°  east, 
then  E.  30"  N.,  then  K.  W.,  thenN.  then  easterly  again.  This 
seems  to  have  been  some  argillitic  poriiion  of  the  graywacke  se- 
ries. As  metamorphosed  and  broken,  it  appears  as  a  petrosili- 
ceous  black  rock,  showing  grains  of  quartz.  Ifo.  1054  shows  the 
nature  of  the  weathered  surface,  on  which  is  a  finely  reticulated 
network  of  projecting  siliceons  sheets  that  seem  to  rise  from  the 
interior  of  the  mass,  bat  may  be  only  siliceous  matter  that  had 
accumulated  in  the  open  joints  prior  to  the  commencement  of 
the  weathering  process.  This  is  sometimes  a  slat;  rock,  and 
sometimesa  black  slate,  but  generally  a  distinctly  bedded,  nearly 
black,  brittle  siliceons  rook.  It  resembles  the  Animikie  slates 
which  run  along  the  international  boundary  eastward  from  G-nn- 
flint  lake. 

The  pebbly  gabbro,  which  becomes  chloritie  by  decay  (Nos. 
1049  and  1050),  extends  along  the  west  and  northwest  side  of  the 
bay  that  projects  north  in  sec.  34,  65-7,  and  becomes  a  lentica- 
larly  and  coarsely  schistose  greenish  schist  (1055),  the  edges 
standing  vertical,  illustrating  a  transition  to  schist  exactly  tike 
that  which  has  been  described  on  the  west  side  of  Garden  lake. 
This  schist  holds  rounded  pebbles.  '  It  also  has  in  its  seams  a 
pinkish  ortboclase  associated  with  quartz  (1056).  It  is  cut-by 
a  greenstone  dike  running  nearly  E.  and  W.  near  the  shore,  in 
sec  34,  which  is  about  eight  feet  wide.  Along  the  shore  in  the 
N.  W.  i  of  the  S.  R  1  of  sec.  34,  66-7,  the  same  siliceous  rock  as 
Kos.  1053  and  1054,  again  appears,  with  %  distinct,  and  almost 
continuous,  dip  nearly  south,  about  80°  from  the  horizon.  East 
farther  in  the  same  section,  and  in  sec.  35,  the  chloritie  rock 
becomes  a  conglomerate.  It  is  crowded  with  rounded,  or  sub- 
angular,  foreign  pieces.  It  is  sometimes  schistose,  sometimes 
gneissic,  sometimes  massive  and  nearly  always  pebbly.  "So. 
1057  represents  this  rock  when  not  pebbly  nor  schistose,  from 
near  the  meander  corner  between  sees.  35  and  36,  65-7,  on  the 
north  sl^re. 

This  chloritic-schist-conglomerate  is,  in  some  places,  rather 
more  raicaoeons  than  chloritie.  and  sometimes  it  approaches  the 
graywacke  in  appearance,  showing  a  sedimentaiy  banding.     At 
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the  portage  that  rans  north  ,to  a  little  lake  (Pickle  lake),  nexr 
the  east  side  of  sec.  34,  all  thcee  features  can  be  seen  by  making 
a  little  examination  right  and  left  from  the  tituL  At  the  north 
end  of  this  portage  the  rock  is  gray  vacke  and  slate  at  the  land- 
ing, hot  south  from  there,  the  strip  of  land  over  which  the  trail 
goes  contains  a  rather  chloritic  sometimra  conglomeritic  rock. 
The  sedimentary  banding  when  visible  mns  in  somewhat  vari- 
able directions,  but  seems  to  be  in  general  east  and  west:  and  the 
prevailing  dip  is  sonth  when  the  beds  do  not  stand  vertical. 
There  is  a  coarse-schistose,  vertical  strnctnre  produced  in  these 
beds  nearly  everywhere  dae  to  disintegration,  and  quite  often 
a  heavy  peendo-bedded  strncture  that  dips  easterly  or  southeast- 
erly about  45°. ,  This  la^  is  more  properly  a  joiutage,  and 
appears  where  the  heat  and  metamorphic  action  of  the  gabbro 
overflow,  which  may  be  considered  ouoe  to  have  esteuded  as  far 
north  as  to  cover  this,  had  its  influence  on  the  old  bedded  rocks. 
This  is  visible  near  the  point  west  of  the  portage  landing  on  the 
shore  of  Kekekabic  lake  (sec  34)  and  dips  ten  degrees  east  of 
north.  At  the  same  time  at  the  water's  edge,  and  elsewhere, 
the  usual  sedimentary  banding  demonstrates  the  trae  dip  to  be 
S.  40°  E.  about  78  degrees,  and  the  slaty-qoartzyte  Btratificataon 
is  brought  out  plainly  by  the  action  of  the  weather  and  water. 
The  hill  near  the  shore,  N.  Vf.  i  sec  36,  66-6,  is  represented 
by  the  rock  1068.  This  hill,  in  the  main,  eonsista  of  a  pebbly 
and  conglomeritic  rook,  the  forms  of  the  pebbles  appearing  on 
the  weathered  surfiuses,  but  there  are  also  large  areas  on  the 
weathered  surfooes  where  it  does  not  show  any  contained  peb- 
blra.  The  rook  is  green,  massive,  firm,  mediom-gnuned.  The 
conglomeritic  patches  exhibit,  sometimes,  on  the  weathered  snr- 
fkce,  a  banding  that  appears  to  be  due  to  sedimentation.  In  the 
interior,  when  freshly  broken  the  conglomerate  does  not  exhibit 
its  composition.  On  weathering,  a  lighter  color  is  given  to  some 
of  the  stones.  The  whole  mass  is  coarsely  jointed,  non-schistose. 
But  the  same  rock,  along  the  shore  in  favorable  positions,  be- 
comes schistose.  It  seems  as  if  the  great  Ogishke  conglomerate 
in  some  way  is  involved  with  and  gives  character  Co,the  diabaeie 
rook  which  is  here  represented.  Probably  its  pebbles,  freed 
from  their  matrix,  are  again  embraced  in  this,  and  perhaps 
lai^e  masses  of  itself  were  detached,  involved  in  the  eruptive 
mass,  worked  over  by  fasion,  and  now  produce  the  variations 
we  see.  In  other  cases  the  banded  structure  of  the  original  is 
preserved,  and  is  evident  when  exposed  to  the  elements. 
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At  the  y.  E.  1  of  sen.  36,  65-7,  oq  the  north  shore,  is  n  differ- 
ent phase  of  this  green  rock,  rising  almost  perpendicularly  from 
the  water  nearly  100  feet.  This  is  not  schistose,  bat  jointed,  and 
&lls  in  blocks  (1059).  It  is  a  firm,  green,  fine-grained  rock, 
spotted  with  light-green,  and  sparkling  with  porphyritic  crys- 
tals of  apparently  hornblende.     Compare  rock  751. 

At  the  narrows  of  Kekekabic  lake,  which  is  at  the  town  line 
between  65-5  and  6,  is  the  porphyry  rock  1061,  and  the  relation 
it  bears  to  the  foregoing  chlorite-schist-conglomerate  is  shown 
near  the  water  line,  where  the  following  diagram  was  sketched. 
It  rises  through  the  green  rock,  leaving  a  small  amount  of  the 
latter  on  the  south  side,  between  it  and  the  water. 
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Fig.  54. —  JRdtUion  of  the  porphyry  2fo.  1061  and  the  dilorite-achM- 
conglomerate.  The  porphyry  riaea  up  through  the  chloriteschist-coth 
glomerate. 

Id  the  chlorite-schist  (109S)  here  sketched  the  strnctnre  runs' 
E.  and  W.  and  has  an  abrnpt  contact  with  the  porphyry  No. 
1061. '  The  porphyry  is  not  only  porphyritic  but  conglomeritic. 
The  feldspar  crystals  are  nearly  white.  It  contains  plainly  a 
considerable  amount  of  free  quarts  (1061  B.)  In  it  are  also 
crystals  of  biotite.  The  ground-mass  is  granular,  gray  and 
sub -crystalline.  The  feldspar  crystals  compose  about  one-third  of 
th^  entire  mass.  The  rock  shows  nowhere  a  sedimentary  band- 
ing. Some  of  the  pebbles  are  from  six  to  ten  inches  in 
diameter,  and  water-roaoded.  These  are  all  (now)  of  the 
form  of  some  greenstone  (1061  A),  and  present  a  contrast 
with  the  nearly  white-weathered  surface  of  the  rest  of  the  rock. 
This  rock  forms  an  isolated  rounded  knob  near  the  lake  shore, 
rising  abont  40  feet,  and  extending  back  about  13  rods,  where, 
alter  a  ralley  is  passed,  rises  a  highridgeof  hardenedgraywacke 
weathering  green  and  appearing  almost  like  a  true  greenstone, 
though  showing  sedimentary  banding.  This  second  ridge  rises 
about  150  feet,  and  appears  at  the  lake  shore  on  either  side  of 
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the  porphyry,  the  latter  rock  being  the  canse  of  the  north  era 
shore  swelliDgalitUesoathward,  causing  the  narrows  of  thelake. 
This  green  ridge  is  in  the  contionation  of  the  rock  1068,  1059 
and  1097,  all  being  hardened  (or  later  rotted  and  fissile)  phases 
of  the  graywacke-slate-conglomerate  formation,  bat  sometimes 
so  involved  with  the  lower  part  of  the  gabbro  overflow  that  they 
can  hardly  bo  distingnished  from  the  diabaaic  condition  which 
th^  assumes  near  the  contact.  The  porphyry  (1016),  which  acts 
the  part  of  an  igneons  rock,  is  evidently  a  coadition  of  the  slate- 
conglomerate  after  fnsioQ,  and  comes  up  like  an  eruptive  rock 
through  the  green,  hardened  graywacke  Nos.  1060  and  1098. 

The  green  ridge  mentioned  continues  northeastwardly,  and 
culminates  in  Mallmann's  peak  which  rises  about  230  feet  above 
the  lake  in  the  S.  E.  corner  of  sec.  30,  65  6  (1095).  It  would 
seem  that  the  bed  of  Kekekabic  lake  is  excavated  in  the  green 
conglomeritic  rock  resulting  from  the  contact  of  the  gabbro  over- 
flow on  the  graywacke  conglomerates. 

The  point  which  has  the  section  corners  of  sees.  29,  30,  31  and 
32,  65-6,  north  shore  of  Kekekabic  lake,  is  made  of  porphyritic 
rock  similar  to  that  last  described  at  the  narrows,  represented  by 
ISo.  1094.  It  is  wholly  worked  over  from  a  conglomerate,  some 
trace  of  the  pebbles  being  yet  visible,  in  changes  of  color,  and  in 
aggregations  of  different  crystalline  minerals  in  nodules,  seen  in 
spots  on  a  fresh  surface.  It  is  one  of  the  steps  in  the  metamor- 
phiam  of  the  conglomerate  of  Ogishke  Maneie  lake,  but  little 
less  profound  than  that  seen  ai.  the  narrows.  This  is  in  the 
direct  line  of  extension  from  that.  This  is  a  grayish  rock 
(resembling  1078),  and  the  crystals  that  are  most  conspicuous  are 
those  of  a  nearly  white,  but  sometimes  reddish,  feldspar,  appar- 
ently orthoclase,  and  of  a  greenish  mineral  that  looks  like  horn- 
blende, but  the  whole  m^rix  seems  to  be  as  nearly  crystalline 
as  the  situation  would  allow.  It  is  rather  tough,  but  not  so 
tough  as  a  doleryte.  Very  small  quantity  of  free  quartz  can  be 
seen. 

West  of  this  point  a  dike  of  doleryte  runs  from  MaHmann's 
peak,  and  appears  in  the  lake  in  the  form  of  a  couple  of  small 
islands.  These  islands  are  nearly  on  the  section  line  between  30 
and  31.  The  dike,  which  is  18  feet  wide,  has  a  marked  contact 
phenomenon  on  each  side,  and  a  selvage  streak  separating  it 
from  the  slate,  etc.,  through  which  it  runs.  Its  direction  is  10° 
"W.  of  8. 

The  rock  No.  1062  is  a  recurrence  of  the  porphyry  Nos.  1094 
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and  lOei.  But  this  is  farther  east,—  S.  E.  ^  K.  £.  I  of  sec.  2S,  65-6, 
near  the  narrows  of  Zeta  lake.  It  lies  to  the  east  of  a  greea- 
stone  dike  which  runs  along  the  water's  edge,  catting  the  slates. 
It  rises  in  hills  on  each  side  of  the  uarrows  from  fifty  to  seventy- 
five  feet.  It  falls  down  in  angular  basaltic  blocks  along  the 
beach,  and  has  a  firm  resistance  to  the  weather.  It  is  plainly, 
at  fii'st,  porphyritic,  bat  oa  closer  examination  it  is  not  only 
seen  to  be  also  conglomeritic,  but  the  porphyritic  spots  apper- 
tain largely  to  the  inclosed  pebbles.  In  other  places  the  crys- 
tals are  disseminated  through  the  matrix,  which  is  a  dark,  or  dark- 
greenish  rock  like  a  diabase.  This  does  not  show  any  schistose 
structure  here,  bat  it  shows  occasionally  the  linear  distribution 
of  parts  which  is  so  like  sedimentary  banding  that  one  would 
refer  it  to  the  action  of  water  in  distributing  the  materials, were 
it  not  so  plain  that  the  rock  has  taken  its  position  and  condition 
through  the  action  of  eniptive  forces.  The  crystals  of  feldspar  are 
apparently  orthoclase,  but  there  is  in  the  rock  a  lai^e  constitu- 
ent of  hornblende,  or  changed  hornblende.  There  is  in  it 
occasionally  a  pebble,  but  each  such  pebble  has  undergone  a 
recrystallization,  and  has  been  so  blended  by  partial  fusion,  with 
thk  matrix  that  in  many  cases  the  outline  is  not  distinctly  de- 
fined; but  the  existence  and  size  of  the  pebble  are  now  indicated 
by  the  greater  or  less  frequency  of  the  light  (nearly  wbite)  crys- 
tals of  feldspar.  The  rock  was  fra^mental  originally,  so  iar  as 
outward  characters  indicate  its  original  condition,  but  now  is 
crystalline  by  metamorphism,.  the  force  producing  the  metamor- 
phism  having  acted  so  powerfully  as  to  cause  a  plastic  if  uot  a 
fused  state  of  the  constituents. 

At  a  point  a  little  to  the  west  (across  the  strike)  from  where 
1062  was  obtained  this  rock  is  more  plainly  a  conglomerate,  and 
not  so  generally  porphyritic. 

On  the  point,  8.  E.  side  of  sec  29,  65-6,  Kekebabic  lake,  the 
exposed  rock  is  hardened  and  reformed  by  metamorphism  from 
the  slates  and  conglomerate.  It  was  pebbly  and  fragmeotal 
originally,  but  greenish,  nearly  homogeneous,  basi^tic  and  appar- 
ently eruptive  now.  No.  1693  represents  the  finer  portion  of 
the  rock. 

Qffi^hke  Muneie  laJce.  On  the  north  shore  of  the  long.bay  from 
Ogishke  Muneie  lake,  N.  W.  i  of  sec.  27,  65-6,  the  slates  and 
gray  wackes  are  conglomeritic  (1053),  the  latter  being  sometimes 
quartzytes.  These  finely  conglomeritic  beds  are  separated  by 
dark,  light-weathering,  laminated,  slaty  argillitic  rock  in  bands 
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of  about  the  same  width  (3  to  10  inches),  and  have  a  3.  S.  E.  dip 
about  75°.  Yet  all  round  this  bay  this  great  conglomerate  pre- 
vails on  the  east  and  west  sides  rising  in  hills  20  to  30  feet  high, 
coai-sely  jointed,  and  not  presenting  the  banding  that  indicates 
the  bedded  structure  of  sedimentation. 

No.  1064  fairly  represents  this  conglomerate  about  this  bay. 
In  places  it  is  simply  a  dark,  tongh,doleryte-like  rock  with  igne- 
ous jointage,  and  in  others  (1065)  it  is  porphyritic  and  conglom- 
eritic,  containing  flint,  jasper  and  quartz  in   foreign   pebbly 


At  the  narrows  going  out  from  this  bay,  near  the  centre  of  sec. 
27,  65-6,  the  same  conglomerate  is  found,  but  here  it  has  less  the 
eruptive  appearance.  The  graywacke  beds  are  rather  a  gray 
quartzyte,  sometimes  pebbly,  and  make  up  the  most  of  the 
whole,  the  only  sign  of  bedding  due  to  sedimentation  being  a 
bnading  that  is  produced  by  more  pebbly  belts  (running  E.  and 
W.)  and  a  linear  grooving  on  the  non-pebbly  belts  caused  by  the 
weathering  out  of  some  of  the  elements  faster  than  othei's.  The 
whole  mass  can  be  said  to  be  a  quartzyte  and  conglomerate. 

The  pebbles  included  can  be  identified  as  follows:  Flint; 
porphyritic  flint,  or  felsyte  (both  being  giuy  unless  weathered) ; 
quartzose,  light-colored  granulyte;  white  quartz  (both  limpid 
and  milky);  diabase  (fine);  diabase  (coarse);  and  banded  jasper 
(red).  The  Hght-colored  granulyte  and  the  doleritic  rocks  form 
the  largest  included  masses  and  are  most  numerous. 

At  the  shore,  on  Ogishke  Muncie  lake,  a  littte  west  of  north 
from  Campers'  island,  the  fragmental  conglomerat*  is  basaltic 
at  the  water,  and  rises  about  fifteen  feet  nearly  perpendicular. 
On  the  top  of  the  hill  can  oe  seen  a  bunding  of  sedimentary 
structure,  consisting  of  alternations  of  coarse  und  flue  belts,  dip- 
ping south,  65°  from  the  horizon.  It  is  also  evident  by  the  con- 
torted flowage  structure  brought  out  by  weathering  on  the  upper 
surf^e,  that  the  whole  mass  has  been  pla'«tic,  the  sedimentary 
bands  being  obliterated  or  broken,  and  in  their  place  substituted 
a  slow-bending  and  undulating  set  of  fine  striations  that  turn  on 
themselves  and  change  direction  when  abutting  against  some 
other  masses  that  are  banded  with  sedimentation. 

At  a  point  a  little  further  east  the  same  rock  rises  aboat  35 
feet  in  the  same  way. 

East  of  the  centiul  narrows,  which  are  in  the  south  part  of 
sec.  23,  05-6,  on  the  north  shore,  N.  E.  i  of  the  S.  E.  V  of  sec.  23, 
65-6,  the  slate  and  quartzytes  stand  vertical,  or  dip  north  80°. 
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A.  basaltic  conglomerate  appears  again  on  the  north  shore  S. 
W.  1  of  the  N.  W.  i  of  sec.  24,  65-6. 

Along  the  second  narrows,  on  the  east  side,  and  south  of  the 
narrows, is  a  curious  condition  of  the  conglomerate.  It  is  schistose, 
!ihuostfissile,  and  small  chips  roll  down  the  bank  not  larger  than  ! 
inch  or  li  inches  in  diameter.  These  cover  the  nndisturbed  rock 
surface  from  the  water  upward.  In  some  places  the  rock  stands 
out  entire.  When  it  is  wholly  disintegrated  the  thin  rusty  chips 
are  from  J  to  i  inch  in  thickness,  making  the  bluff  look  like  one 
of  drift.  On  the  top  (1067)  the  rock  is  coarsely  disintegrated  by 
wedge-making  Jointe.  Ttia  here  also  greenish,  and  finely  por- 
phyritic  in  the  matrix,  yet  pebbly  and  sometimes  more  firm. 
There  seems  to  be  a  chlorjtic  element  produced  in  the  matrix  by 
change  from  some  original  mineral. 


-S^,  SS. 


Fig.  55. — Section  across  the  shore  of  Oguthlce  Muncie  lake. 

The  above  diagram  ia  a  section  across  the  shore  of  Ogishke  Muncie  lake,  a 
little  north  oftlie  second  tuirrows,  on  set:  24,  65-R,  ciuit  side.* 

1.  Doleryte,  scantily  conglomeritic.  At  other  places  along  here  this  is  abnn- 
(limtlj  |x)rphyritie,  and  then  weathers  into  a  msty  schist. 

'i.     Swanipj.     No  exposure. 

3.  Carbonateofiron  (and  calcite?),  Tliia  is  the  same  as  No.  746,  obtained 
rnrther  west  in  1379.  It  mna  here  in  a  low  rusty  ridge,  holding  angular  pieces 
of  siliceotiB  loose  rock  which  stand  ont  on  the  sorface.  This  ridge  extends  in 
the  direction  toward  that  seen  in  187!),  and  here  rises  about  10  feet.  It  seems 
likely  to  be  of  the  nature  of  vein-dei>osita.  Its  thickness  here  may  be  Itfteen 
feet,  bnt  it  embraces  considerable  schistose  foreign  matter. 

4.  Swampy. 

5.  Gray  quartzyt«,  fine-grained,  risesten  feet. 

6.  Slates,  sedimentary,  standing  vertical,  the  slates  being  due  to  sediment- 
ary bedding;  interatratifled  with  some  coarser  beds  that  are  more  like  the  gray 
qnartzyte.     Rises  20  feet. 

7.  Lake  level. 

The  whole  distance  across  from  Ko.  1  to  No.  7  is  about  ten 
rods. 
No.  1  is  represented  by  rock  1068,  and  No.  3  by  rock  1069. 
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At  the  rapids  There  the  stream  goes  oat  ffOmC^shkeMancie 
lake  to  Town  Line  lake,  the  rnsty  schistose  conglomerate  No. 
1068.  appears  io  the  water  and  causes  the  riffle.     (No.  1070.) 

About  Frog  Rockldke  the  rock,  so  far  as  examined,  is  entirely 
of  the  igneoas  doleritic  kind,  slightly  eonglomeritic,  except  at 
one  place  on  the  north  shore  where  the  sedimentary  rocks 
appear,  and  are  slightly  eonglomeritic.  This  last  is  near  the  S. 
W.  comer  of  the  lake.  This  lake  was  not  thoroaghly  examined, 
bat  according  to  what  is  known  the  green  doleryte  wonld  ran 
along  the  southern  side  and  past  the  eastern  end.  The  rock  of 
the  principal  point  projecting  northward  from  the  sonth  shore 
is  represented  by  No.  1071,  being  a  porphyritic,  greenish  rock 
(a  diabase)  with  crystals  of  some  pyroxenie  mineral,  resembling 
1059.  At  the  extreme  east  end  of  the  lake  appears  1072,  a  fine- 
grained greenstone,  with  pyrites. 

At  the  month  of  the  stream  which  enters  Ogishke  Mnncie 
lake  from  the  south  was  taken  the  following  diagram.  Fig.  56: 

■^^.  S6.. 


Fig.   56. —  IHagramof  a  superposition  of  rocks  at  the  mouth  of 
Ogithke  Munde  creek. 

1.  An  overflowing  rock,  having  the  jointRge,  action  and  aspect  of  tta  emp- 
tive  rock.     1073. 

2.  Irregular  stratum  oftbe  eame  holding  fiagmentH  of  flmile,  closelj  jointed, 
baked  slate  whicb  \a  thin  and  black,  and  crumbles  in  the  slope,  of  which  1074 
is  a  sample.  Rock  No.  1075  shows  the  contact  of  these  two  rocks,  and  the 
consequent  blending  of  characters. 

3.  Fissile  black  slate,  cloeelj  jointed,  baked,  scpaiat«d  into  thick  beds,  the 
npper  and  lower  sides  of  which  nnrtnlate,  the  general  dip  appearing  to  be  S.  E. 
bnt  so  fiinlted  and  twisted  that  it  can  not  be  determined.  The  whole  slat« 
exposed  is  abont  Afteeu  feet,  and  the  overlying  rock  rises  abont;ten  feet  higher 
at  the  place  of  the  diagram,  bnt  it  apreada  generally  over  the  surface  at  some 
little  distance  back  from  the  sliore.  It  also  extenda  westward,  across  the  creek, 
and  then  spreads  abont  over  n  distance  of  some  rods,  making  some  little  hil- 
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locks,  and  is  porpbjritic  (1078).  The  slates  onderlying  are  highly  chimged, 
aometimea  wholly  fased,  or  biecciated,  and  Tmifbrmly  eoiiTert«d  to  a  \eTj 
closely  jointed  oi  flaaUe,  Qne  (chertyj  ronk. 

In  going  upward  from  here  to  the  S 
hills  in  see.  35,  65-6,  on  the  vest  "^ 
sideof  the  creek  the  following  facts  r^ 
were  noted:  {1.)  The  sedimentary  I 
slates  and  quartzytes  are  broken,  a- 
and  dip  in  various,  but  nearly  ver-  3, 
tical,  directions,  (2.)  The  sedi-  ^ 
nientary  beds  become  porphyritic  ^ 
with  feldspar  crystals,  and  appar-  "s 
eiitly   with  some   quartz   crystals.    & 

(.').)     They  acquire  a  flnidal  bed-   |  > 

ding,  seamed  and  veined  by  quartz.  ^  , 

(4.)    They  strike    north,  20'"  W.;   S  ^ 

JJ.;  N.  28°  \V.;  N.  20"  E.,  and  gen-  a,  ^* 

erally    dip    E.    or    S.    E.    or    S.,    |  ^ 

toward  the  mountain,  bat  their  a 
strike  on  weathered  surfaces  is  ^ 
often  contorted,  like  the  graywacke  g 
at  Tower,  and  fragments  are  mixed  ^ 
with  other  kinds  of  beds,  the  beds  "S. 
apparently  bending  round  them.  * 
<5.)  So  far  as  oteerved  they  are  I" 
always  full  of  free  quartz  grains,  s- 
even  in  their  apparently  igneous  g. 
outward  aspects.  The  weathered  ^ 
surtace  is  light-gray  —  or  gray-  ^ 
wacke-like,  (6.)  Further  up,  at  3 
three-fourths  of  a  mile  fcom  the  ^ 
lake,  the  strike  is  west  25°  Dorth,  | 
and  the  dip  is  80°  to  85°  toward  e 
the  a.  W.  (7).  At  the  distance  | 
of  nearly  a  mile  from  the  lake,  at  - 
145  feet  above  it,  the  change  illus-  ^ 
trated  by  the  accompanying  dia-  g 
gram  (,Fig.  57)  takes  place.     Here   p 

the  sedimentaries  dip  N.  at  an  angle  of  50°  from  the  horizon,  40° 
east,  lying  on  the  greenstone  illustrated  by  sample  So.  10T6. 
On  the  top  of  this  hill  are  scattered  boulders  of  Saganaga  gran- 
ite, etc. 
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EXPLANATIOH  OF  FiG.  57. 

1.  GreenstoDe,  appnientlj'  fomiiDg  th«  monDtain  to  the  sonth,  rock  No. 
1076,  at  145  feet  above  O^abke  Mnnde  take.  This  rock  is  tongh,  niafHivr,  and 
coarsely  jointed. 

2.  Pebbly  gteenatone,  3  to  5  feet.  RocklOT7.  On  tbe  snrfaee  the  line  of 
contact,  which,  &cing  north,  is  glaciated,  shows  veiy  distinctly,  and  the  peb- 
blep  seem  to  be  all  of  greenstone,  or  at  least  ofsome  greenish  rock,  some  of  them 
quit*  fine-grained.     The  line  of  contact  is  shown  by  the  next  fignre. 

3  Hard,  tlno-graiued,  almost  cherty,  but  black,  bcda  of  slnte  in  iliNtinct 
sedimentary  arrangement.  . 

4.     Broken  and  contorted  graywacke  and  slaty  bed,  seen  about  ten  feet. 


i^>..». 


Fig.  58. — Flan  of  the  surface  showing  the  line  of  contact  at  Jiff.  57. 

This  snperposition  is  believed  to  be  accidental,  and  one  of  the 
local  over-turn  dips  that  accompanied  the  upheaval  of  the  forma- 
tioD.  The  numerons  other  observations  already  given  on  the 
direction  of  dip  of  the  qnartzyte  and  slate  series  in  this  monn- 
tain  show  the  frequent  changes  of  direction  to  which  it  is  liable. 
The  correct  stratigraphic  sequence  will  require  the  quartzyte  and 
slate  rocks  below  the  gabbro — if  not  below  this  greenstone. 

We  ascended  only  to  a  spur  of  the  main  hill,  rather  lying 
between  the  two  hills  that  are  in  sec  35,  260  feet  above  the  lake. 
The  hill  which  liee  about  half  a  mile  further  south  seems  to  rise 
about  a  hundred  feet  higher,  or  350  feet  above  Ogiahke  Muneie 
lake.  The  same  rock  as  1076  continues  to  and  forms  that  hill, 
as  ascertained  in  1879. 

So.  1079  shows  a  fair  sample  of  the  matrix  of  the  Ogishke  con- 
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glomerate,  a  third  of  a  mile  from  the  shore  north  from  Campere' 
islaDd,  and  1079  A  are  pebbles  from  the  same,  i.  e.  near  the  cen- 
tre of  sec.  23,  65-6. 

Sear  the  N.  E.  corner  of  the  S.  E.  i  of  sec  22,  65-6,  the  con- 
glomerate is  porphyritic  with  crystals  of  whfte  and  flesh-red 
feldspar  (1080).  But  these  may  be  only  transported  fragmentnl 
grains,  vhicta  is  indicated  by  the  fact  that  they  are  somewhat 
roanded  occasionally  and  are  disseminated  throagh  a  coarse, 
granular  matrix  in  which  are  numerous  ronnded  grains  of  quartz 
of  about  the  same  size,  some  fine  red  jasper,  greenstone,  and  the 
other  nsual  ingrAlients  of  the  conglomerate.  Sometimes,  in  a 
simply  arenaceous  portion  of  the  matrix,  or  one  of  the  uniformly 
bnt  heavily  bedded  portions,  the  little  points  that  stand  out  on  a 
weathered  sur&«e  are  partly  of  feldspar  crystals,  and  partly  of 
quartz. 

At  about  a  mile  and  a  quarter  northwest  from  the  same  place 
on  the  shore,  the  formation  ceases  to  be  of  conglomerate,  and 
becomes  prevailingly  a  siliceous  black  slat«  (1081),  similar  to 
that  seen  ia  sec.  26,  6,5  6,  a  short  distance  south  from  the  sonth 
shore.  About  eighty  rods  further  northwest  an  arenaceous  tex- 
ture appears  in  these  hard  fiinty  slates,  and  they  arc  thicker 
bedded,  though  still  separated  by  fine  slaty  layers.  These  heavy 
beds  become  greenish,  and  at  the  hill  which  Is  on  the  west  side 
of  the  N.  E.  i  of  sec.  22,  they  become  converted  into  a  greenish 
arenaceoos  graywacke  that  recalls  the  rock  of  fhe  mountain  sonth 
of  Ogishke  Muncie  lake,  but  can  not  be  the  equivalent  of  that 
because  this  is  fragmeotal,  showing  rounded  jasper  and  quartz 
grains;  it  is  also  lighter- colored,  its  green  color  being  due  to  its 
green  matrix.  At  the  summit  of  this  bill  it  is  evident  that  rock 
1082  constitutes  the  bulk  of  the  hill;  but  even  here  it  is  inter- 
sected by  beds  of  1083,  a  flinty  "slate,"  greenish  black,  hard  and 
finer  than  diabase.  This  is  in  bedded  alternation  with  1081 — 
the  same  as  1082,  a  really  fragmental  rock. 

Trip  to  lake  Gdbimickigama.  From  the  west  side  of  Little  Rey- 
nard lake  (which  is  between  Ogishke  Muncie  and  Fox  lakes) 
was  obtained  rock  No.  1085,  near  the  water.  This  is  a  frag- 
mental rock,even  a  conglomerate  with  pebbles  of  quartzand  flint, 
evidently  a  part  of  thcsame  great  conglomerate,  but  it  is  blackened 
and  hardened  and  changed,  the  quartz  being  the  only  original 
pebbly  element  that  retains  its  form  and  distinctness.  The  flint 
and  the  red  jasper  are  also  nearly  as  perfectly  preserved.  This 
su^ests  the  important  inquiry  whether  by  fusion  this  conglom- 
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orate  coaM  be  converted  to  the  rock  of  the  hill  1076 — a  per- 
fectly characterized  igneons  rock  —  tbroagb  the  stages  of  the 
rocks  1073  and  1082.  It  la  not  probable,  bat  at  nnmerons 
places  abont  the  lake  obeervations  that  hare  been  made  give 
rise  to  sach  a  query. 

On  the  X.  W.  side  of  Fox  lake  the  elates  and  quartzytes  are 
wholly  broken  and  confnsed.  The  bedding  is  lost,  and  the  rock 
appears  almost  i  gen  on  s- massive.  It  is  here  mainly  a  changed 
black  slate,  there  being  now  no  snggestion,  even,  of  its  original 
condition  (1086),  an  aphanitic,  black  petrosilex  (t),  or  chert. 

On  the  portage  from  Fox  lake  to  Agamok  Take  the  formation 
18  not  only  beaatifnily  and  continuously  long  banded  by  alter- 
nating belts  of  slate  and  chert,  bnt  is  also  beautifnlly  brecci- 
ated,  the  pieces  of  slate  being  of  all  sizes,  from  an  inch  or  two 
to  several  feet  long,  inclosed  in  the  coai'ser-grainedgraywacke, 
ranning  zigzag  and  in  isolated  dike-like  protrusions. 

At  the  foot  of  Fox  lake  the  north  bluff  stands  up  boldly  above 
the  water,  consisting  of  a  hardened  and  pseudo-basaltic,  but 
coarsely  Jointed,  condition  of  the  qnartzyte  and  slate  formation. 
It  is  represented  by  fig.  59. 
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In  Fig.  60  (Qext  page)  the  dark  lines  represent  cherty,  ligbt- 
ireathering  beds;  the  white  bands  represent  the  interlamiaated 
coarser  feeds.  The  mixtare  of  cmmpled  and  straight  beds,  seen 
in  immediate  contact  and  alternation,  is  the  interesting  and  puz- 
zling fact  here.  Many  of  the  beds  are  so  thin  that  they  are  no 
thicker  than  the  pencil  point,  and  on  this  reduced  scale  they 
can  not  be  represented — nor  one  half  of  them.  No.  1087  shows 
this  rock  when  brecciated.    The  slates,  being  more  refractory, 
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do  not  lose  tbeir  identity  in  the  general  mixing  and  metamor- 
phosing process. 

I 
I 


ii  II! 


5  .»^ 

■I  s 


Along  the  north  shore  of  Gabimichigama  lake  in  65-5  the 
qnartzyte- slate  formation  is  seen  in  occasional  low  exposures. 
Jointed  closely  and  greatly  change<l,  rarely  pebbly,  vertical  (-•» 
[■,11-  :w  can  be  asitertJvined)  striking  nearly  S".  and  S.  or  K.  S".  W. 
and  a.  8.  E. 

The  little  island  at  the  entrance  to  the  bay  forming  the  north- 
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easterly  end  of  Oabimichigama  lake  contains  this  formation,  and 
is  represented  by  rock  1088.  This  rock  ia  a  rather  fine-grained, 
arenaceous  gray  quartzyt*.  It  shows  no  outward  evidence  of 
stratification.  It  takes  a  rusty  color.  It  presents  knobs  and 
ridges  all  over  the  surface,  that  do  not  weather  away  so  fast  as 
the  rest.  It  appears  like  some  of  the  craggy  rock  that  lies  near 
the  gabbro-contiurt  at  the  S.  \V,  end  of  Kekckabic  lake. 

At  the  west  side  of  sec.  32,  65-5,  the  rock  of  the  long  point 
that  projects  westerly  into  the  lake  is  not  well  exposed  on  the 
north  shore.  A  bluff,  howeviy,  rises,  about  midway  of  the  point, 
and  is  composed  of  coarsely  jointed  heavy  layered  rock  that 
shows  a  general  structure  dipping  east  about  45  degrees  (1089). 
This  is  a  siliceous,  very  much  hardened  fragmental  rook,  but  its 
original  sedimentary  banding  is  obliterated  by  the  action  of  the 
formerly  snpei-posed  overflowing  gabbro.  It  is  the  same  as  No. 
1088,  but  shows  an  intenser  action  of  the  gabbro  on  the  quartz- 
yte  and  slate  group. 

On  the  south  side  of  this  point  appears  a  fine  biotitic  gneiss 
(1090).  This  is  apparently  siliceous  (with  somegrains  of  quartz) 
but  in  the  main  no  quartz  can  be  distinguished  with  certainty. 
Sometimes  it  appears  chrysolitic  It  is  heavy-bedded,  resem- 
bling in  outward  appearance  the  roc|f  1089,  and  dips  also  toward 
the  east,  at  an  angle  of  30  to  45  degrees,  this  bedding,  however, 
being  due  to  a  wavy  system  of  planes  separating  it  into  sheets, 
and  not  to  any  variation  in  the  rock  such  as  is  implied  by  sedi- 
mentation. This  holds  bonlders  of  quartzyte,  and  apparently 
of  other  kinds  of  rock,  but  they  are  so  assimilated  to  the  enclos- 
ing rock  that  they  are  individually  now  unidentifiable.  This 
rock  crumbles  in  some  places,  allowing  apparently  boulder- 
luasses  to  roll  out;  in  such  cases  some  of  the  glassy  grains  are 
yellowish,  and  indicate  the  presence  of  chrysolite,  as  mentioned 
above.  Sometimes  the  whole  of  it  t»kes  the  form  of  '■  musco- 
vado" gabbro  —  which  is  a  semi-disintegrated  condition.  The 
whole  bluff  along  here  seems  to  be  on  a  parallel  with  that  which 
was  noted  in  1879  on  the  south  shore  of  this  lake  further  west 
(rocks  767  and  768). 

Fig.  61  represents  a  map  and  concordant  profile  section  east 
and  west  along  the  south  side  of  this  point.  It  shows  the  irregu- 
lar manner  of  bedded  structure  mentioned  in  1090,  and  apper- 
tains to  the  outrunning  overlie  of  the  gabbro  on  the  quartzyte- 
and-slate  group. 
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Fig.   61. — Shooing  Ike  gnetssk,   and   yet    bedded,  ttructure  of  all 
the  rocks  at  the  bottom  of  the  gabbro  sheet.     See.  32,  65-5. 

Explanation  of  Pig.  61, 

0.  Gabbro  island.     Gabbro  appeais  in  fon«  ntoug  tlie  Inke  Airther  sontb. 

1.  Biotitic  gneiss;  couftwed,  with  no  bidding  nor  strike,  bnt  apparently 
bolding  bonlderti  greittly  changed,  all  being  itilieeous.  The  preriiiling  jointage 
ia  verticnl,  and  mns  i'l"  W,  of  N,  This  has  mncli  the  general  aspect  of  some 
changed  portions  of  the  tiunrtayte-Blate  group,  seen   on  the  north  side  of  thia 

2.  Biotit«  gneiiia,  niliceous,  irregularly  jointed  and  disintegrating. 

3.  The  formation  here  ia  siliceoos  and  biotitic,  bnt  the  biotitic  porti<nuai<e 
in  streams,  which,  anrrounding  portions  that  are  less  micaceons  and  more  siU- 
ceooB  and  firm,  disintegrate,  disclosing  bonlder-like  masses  that  fall  ont  like 
"bonlders  of  disintregatiou."  There  is  now  and  then  a  striation  that  reminds 
one  of  the  bonding  of  sedimentation,  a»  if  a  modifled  part  of  the  qnnrtzyt«'- 
slat«  formation  of  this  region. 
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4.  Here  the  gnuid  bedding  dipe  conspicuously  townrd  the  east.  Along  the 
nater,  generally,  this  rock  has  a  kDobbed  rough  upper  soiface,  eroded  by  the 
action  of  the  waves  on  the  more  or  1«ks  mintceoos  parte.  There  is  here  a  closely 
jointed  portion  that  runs  about  N.  E.  and  S.  W.  but  slopes  S.  W. 

5.  Shows  ft  plain-beiideil  dip  eastward;  micaceous oDd  rotting. 

6.  At  the  end  of  the  point  the  rock  rises  perpendicular  and  exhibits  a  plain 
sedinieiitary  banding  tlint  dips  W.  10°  S.  running  from  the  water  to  the  top  of 
the  bluff.  This  is  a  part  of  the  underlying  quarti!yte-and-slat«  series.  It  is 
siliceous  in  liauds,  but,  throughout  it  are  scattered  fine  mica  scales. 

This  traced  transition  from  the  qnartzyte-sliite  rocks  to  bio- 
title  gneiss,  and  hence  to  the  biotitic  diabase  (so  called  on  the 
Kawishiwi  river)  iu  the  immediate  vicinity  of  the  gabbro  Iwnnd- 
ary,  is  an  important  step  in  establishing  the  genetic  relations  of 
these  formations.  There  is  here,  however,  nothing  to  be  seen  of  the 
great  greenstone  formation  which  extends  east  and  west  through 
the  country.  That  seems  to  lie  further  north,  while  this  shows 
the  gabbro  contact  without  the  greenstone  'accompaniment, 
direct  oe  the  qiiartzyte  and  slate  group  (the  Animikie  series), 
and  the  greenstones  lie,  at  the  west  end  of  Oanfllnt  lake,  to  the 
north  from  the  south-dipping  Auimikie,  it  seems  to  agree  with 
a  large  number  of  facts  to  suppose  the  Animikie  series  lies  on 
the  greenstone,  or  in  its  absence,  on  the  Saganaga syenit«.  The 
westward  extension  of  the  superficial  area  of  the  Animikie 
seems  to  be  cut  oflF  by  the  overlopping  of  the  gabbro  beyond  its 
northern  border,  bringing  the  gabbro  not  only  onto  the  green- 
stone, but  at  points  farther  west  onto  the  lower  graywacke-slate 
series.  This  would  place  the  Animikie  series  stratigraphically 
between  the  gabbro  and  the  gi'eenstone;  and  the  greenstone 
would  represent  an  overflow  of  basic  eruptive  rock  much  ante- 
rior to  that  of  the  gabbro.  The  Ogishke  conglomerate  is  allied 
closely  with  the  Animikie.  It  contains  numerous  greenstone 
boulders,  and  perhaps  represents  its  basal  portions, 

North  and  tcest  from  Kekekabic  lake.  In  making  the  portages 
from  Kekekabic  lake  to  Knife  lake,  the  principal  part  of  the 
descent  being  at  the  north  ends  of  the  portages,  and  the  whole 
descent  being  135  feet,  each  trail  discloses  only  the  graywaoke- 
alate  rock,  sometimes  greatly  broken  and  seamed  and  at  first 
rather  greenish,  Om  Spoon  lake  there  seems  to  be  a  dike, 
forming  at  least  two  of  the  islands,  cutting  gray  wacke  and  slate. 

Just  at  the  north  of  the  portage  landing  on  Knife  lake,  near 
the  west  side  of  sec,  27,  65-7,  is  a  light  weathering  knob  of  black 
or  purplish  flint  (1107),  belonging  to  the  same  formation  as  seen 
on  the  other  side  of  Ogishke  Muucie  lake.     But  the  graywacke- 
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slates  appear  before  reacfaiag  the  west  end  of  Knife  lake.  The 
line  of  travel  after  eatering  Knife  lake  is  nearly  in  tlje  line  of 
strike  of  the  rocks  of  the  region,  and  hence  there  is  a  sameness 
in  the  appearance  of  the  rocky  outcrops.  The  strata  are  from 
two  inches,  or  less,  for  the  argiUitic  portions  to  six  inches,  and 
even  six  feet,  for  the  coarser  beds.  They  are  almost  invariably 
either  vertical  or  dip  at  a  high  angle  toward  the  S.  8.  B. 

6.      THE  GENERAL  OEOLOUIC'AL  HAP. 

The  preliminary  geological  map  which  accompanies  this  re- 
port is  intended  to  show  what  is  known  concerning  the  geolog- 
ical bonndaries,  and  also  includes  considerable  that  is  guessed  at. 
Wherever  the  reports  describe  the  formations,  they  are  known, 
but  there  are  long  distances  that  intervene  between  known 
points.  Perhaps'  there  is  less  certainty  concerning  the  areal  dis- 
tribntion  and  the  stratigraphic  relations  of  the  greenstone  belt 
(Ko.  6  of  the  legend  of  the  map)  than  any  other  of  the  forma- 
tions, and  greater  certainty  of  the  correctness  of  the  northern 
limit  of  the  gabbro.  The  area  of  conglomerate  and  felsyte  ex- 
tending eastward  from  the  southern  confines  of  Vermilion  lake 
may  be  continuoos  and  identical  in  origin  with  the  greenstone 
belt,  but  there  are  unsettled  points  that  need  investigation  before 
such  a  connection  could  be  affirmed.  The  graywacke  and  seri- 
citic  schist  rocks  are  represented  as  covering  this  doubtful  area. 

There  will  be  found  also  many  variations  necessary  to  be  made 
from  the  regularity  of  the  outline  of  the  red  syenite  and  which  is 
involved  with  the  gabbro  in  the  eastern  part  of  the  map.  The 
granite,  syenite  and  gneissic  areas  are  all  represented  by  the 
same  color,  but  this  is  not  intended  to  express  the  idea  that 
they  are  of  the  same  age.  The  northern  limits  of  the  red  quartz 
porphyry  (No.  4)  are  uncertain.  It  is  possible  that  there  is  no 
gabbro  nor  trap  separating  it  from  the  red  syenite  further  north, 
and  that  it  will  be  found  to  blend  into  the  red  syenite,  this 
being  one  form  of  metamorphism  of  a  sedimentary  rock  and  the 
red  syenite  another. 

6.      BAEOMETEICAI,  ELEVATIONS. 

Determined  by  aneroid  readings  by  N.  H.  Winchell  in  Au- 
gust, 1886: 
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Garden  lake  above  Fall  lake .60  feet.  ~|  -rrrLU    t     *  i  i. 

Ascent  by  river  (estimate.!) 10  feet.  [  abo^' 

Further  ascent  to  White  Iron  lake  (esti-  i  u,,.,  ,„,       „„  -. 

mated) 20  feet. )  *^''"  ''*''*'  ^^  ^- 

Ascent  by  portage  from  White  Iron  lake  |  Above  Fall  lake 

to  the  river  in  sec.  19,  62-11 25  feet,  j  115  feet. 

The  water  passing  here  is  about  the  same  as  that  at  the  outlet 
of  Vermilion  lake. 

Ascent  by  rapids  to  Birch  lake,  in  sec.   6,  61-11  (esti- 
mated)       15  ft. 

Birch  lake  above  Fall  lake 130  ft. 

Ascent  by  rapids,  in  the  East  Branch  of  Birch  river, 

"        N.  E.  *  of  sec.  27,  63-11 16  ft. 

"        S.  E.  t  of  see.  22,  62-11 3  ft. 

"        S.  W.  t  of  sec.  23,  62-11 5  ft. 

"        N.  part  of  sec.  23,  62-11 5  ft. 

"        N.  E.  J  of  the  S.  W.'j  of  sec.  24,  62-11    5  ft. 

"        Foot  of  Copeland's  lake 6  ft.       40  ft. 

Copeland's  lake  above  Fall  lake 170  ft. 

"        Head  of  Copeland's  lake,  S.  E.  i  sec. 

^J,  62-10 8  ft. 

"        S.  W.  J  sec.  4,  6210 1  ft. 

"        S.  E.  i  sec.  4,  62-10 8  ft. 

"        N.  W.i  sec.  3,  62-10 3  ft. 

S.  E.   i  sec.   26,   63-10   (Fork   of  the 
Kawishiwi) 3  ft.       23  ft. 


Fork  of  the  Kawishiwi  above  Fall  lake  193  ft. 

Ascent  by  Archway  rapids,  sec.  9.  62-10 25  ft. 

Bapids  in  N.  W.  t  sec.  16,  62-10 4  ft.       29  ft. 

Gabbro  lake,  above  Fall  lake 222  ft. 

Ascent  by  rapids,  8.  W.  i  sec  23,  62-10 4  ft^ 

Bald  Eagle  lake  above  Fall  lake 226  ft. 

Estimated  ascent  to  lake  Isabella 100  ft. 

Isabella  lake  above  Fall  lake 326  ft. 

Ascent  from  the  fork  of  the  Kawishiwi: 

.  Rapids  S.  E.  i  sec.  24,  63-10... 6  ft. 

RapidsS.  W.  1  sec  19,  63-9 10  ft^ 

BapidsS.  E.  i  sec  17,63-9 4  ft. 

*'      N.  E.  Jsee.  20.  63-9 9  ft. 

"      8.  E.  i  sec.  20,  63-9 2  ft. 

"      8.  E.  i  sec.  20,  63-9 4  ft.       35  ft. 
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Crab  lake  above  Fall  lake 228  ft. 

Ascent  from  Crab  lake: 

Eapidsin  N.  E.  i  sec.  28,  63-9 10  ft. 

Further  ascent.     Eapids  in  S.  E.  1  sec.  28,  63-9...  10  ft. 

EapidsS.  E.  i  sec.  30,  63-8 8  ft. 

EapidsN.  E.  1  sec  31,  63-8 15  ft. 

Rapids  N.  W.  I  sec.  32,  63-8 3  ft. 

Rapids  N.  W.  \  sec.  34,  63  8 18  ft.       64  ft. 


"Wilder  lake  above  Fall  lake 292  ft. 

Fall  lake  abo.ve  lake  Superior* 810  ft. 

Lake  Superior  above  the  sea. 602  ft..  1,412  ft. 

Wilder  lake  above  the  sea 1,704  ft.. 

Sec.  3,  63-11.    Newtou  lake  below  Fall  lake,  by  rapids...  10  ft;. 

Pipestone  rapids,  Bfisswood  lake  below  Newton  lake 6  ft. 

Carp  lake  above  Basswood  lake..'. 12  ft;. 

Cap  lake  above  Carp  lake 6  ft. 

Ensign  lake  above  Cap  lake 1  ft. 

Illusion  lake  above  Ensign  lake 160  ft;. 

Ima  lake  above  lUnsion  lake 20  ft. 

Enlargement  of  the  stream  entering  Ima  lake  above  Ima 

lake 6  ft. 

Small  lake  just  below  the  outlet  of  Thomas  lake,  above 

the  enlargement.... 12  ft. 

Thomas  lake  above  the  small  lake  mentioned 3  ft. 

Fraser  lake  above  Thomas  lake 1  ft. 

Wisini  lake  above  Fraser  lake S  ft. 

Syrup  lake  above  Wisini  lake 25  ft. 

(Wisini  and  Syrup  lakes  are  in  sec.  14,  61-7.) 

Shoe-fly  lake  above  Syrup  lake 0  ft. 

Lake  in  the  river,  sec  11,  64-7,  below  Shoe-fly  lake 1  ft. 

Kekekabic  lake  below  lake  in  the  river 95  ft^ 

Descent  from  Kekekabic  lake  to  lake  No.  1 4  ft. 

"        from  lake  No.  1  to  lake  No.  2 25  ft. 

"       from  lake  No.  2  to  lake  No.  3. 15  ft. 

"        from  lake  No.  3  to  lake  No.  4 2  ft.. 

"        from  lake  No.  4  to  lake  No.  5 12  ft.  58  ft. 

Ascent  from  No.  5  to  lake  No.  6 18  ft. 

Descent  from  No.  6  to  Ogishke  Muncie  lake 6  ft. 

Ogishke  Mnncie  lake  below  Kekekabic  lake 46  ft. 

•:<liith  annual  report,  p.  9. 
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Estimated  ascent  from  Ogishke  Mnncie  lake  to 
Little  Beynard  lake  (an  enlargement  of  the 
river) 1  ft. 

Farther  ascent  to  Fox  lake,  S.  B.  i  sec.  26, 65-6  15  A. 

Ascent  (tfaroQgh  several  little  lakes)  to  Agamok 
lake 45  ft. 

Ascent  to  Gabimichigama  lake 4  ft. 

Gabimichigama  lake  above   Ogisfake    Mancie 

lake 98  ft. 

Descent  from  Kekekabic  lake  to  Pickle  lake 35  ft. 

"  Pickle  lake  to  Spoon  lake 30  ft. 

"  Spoon  lake  to  DoQghoat  lake 40  ft. 

"  Donghnut  lake  to  Knife  lake 30  ft. 

Enife  lake  belovEekekabio  lake 136  ft. 

Descent  from  Knife  lake  to  Potato  lake 18  ft. 

"  Potato  lake  to  Seed  lake 14  ft. 

"  Seed  lake  to  Melon  lake. 8ft. 

"  Melon  lake  toPsendo  mesaerlake  10  A. 

"  Pseado-messerlaketoSnckerlake  28  ft. 

7.      GLACIAI.  8TBI^  OBSERVED  BT  N.  H.  WINOHELL. 

Tni«  Bferidtoo. 

At  the  Lee  mine,  east  end  of  the  south  ridge  on  jas- 

piJyte ;. S.  10°  W. 

[Exactly  across  the  general  trend  of  the  ridge.] 
At  the  east  end  of  the  sonth  ridge  near  the  top,  on 

jaspilyte 9.  22"  W. 

At  }  mile  south  of  Tower,  on  graywacke  (Jones) S.  24°  W. 

At  centre  of  S".  E.    1  of  sea  3,  61-16  (S.  aide  of 

Jones  bay).    Graywacke S.  20°  "W. 

At  8.  E.  i  of  N.  B.  1  sec  3,  61-16  (n^r  the  last). 

Poroditie  graywacke S.  WW. 

At  centre  of  see.  17,  62-15,  near  W.  end  of  Ely 

Island.     Graywacke S.  22"  W. 

At  centre  sec.  26,  62-16.     Black  slate S.  20°  W. 

At  a.  B.  i  sec  9,  T.  62-16.    Sericitic  slate 8.  22°  W. 

At  corner  post  of  sees.  7,  8, 17  and  18,  62-16.     Green 

schist S.  24°  W. 

At  S.  W.  i  of  the  S.  E.  \  of  sec.  19,  62-15.     Felsitic 

conglomerate S.  17°  W. 
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Tiue  Merldiin. 

AtS.  E.  i  Bee.  5,  62-16.     Sericitie  rock 8.  19"  W. 

AtS.  W.  J  see.  6,  62-16.     Dark  schist 8.  22°  W. 

At  N.  E.  J  sec.  11,  62-17.     Hydro-mica  schist S.  28°  W. 

AtN.  E.  i  sec.  32,  63-16.     Mica-schist 8.  22°  W. 

At  8.  E.  isec.  27,  6316.     Micaceous  gray  wacke S.  22°  W. 

AtS.  E.  1  see.  6,  6215.     Qraywaeke S.  18°  W. 

At  8.  E.  i  sec.  4,  62-15  {on  the  island).  Gray  wacke.  S.  20°  W. 
At  centre  of  sec.  17,62-15,  west  eod  of  Ely  islarjd. 

Felayte 8.  22°  W. 

At  8.  B.  J  8.  E.   i  SBC  17,  62-15,  west  end  of  Ely 

island.     Felsyte S.  22'  W. 

At  S.  W.  i  sec  17,  62-15,  west  end  of  Ely  island 8.  18°  W. 

Centre  of  see.  4,  62  15.     Graywacke S,  20°  W. 

At  the  east  end  of  8tuntz  island.     Felsyte S.  23°  W. 

8.  W.  i  of  sec  20,  62-15.     Graywa«ke N.  and  8. 

a.  W.  i  sec.  24,  61-12.     Gabbro S.  12°  W. 

N.  E.  i  sec.  31,  61-12.     8yemte S.  22°  W. 

S.  E.  i  sec  30,  63-8.     Gabbro 8.  8°     E. 

N.  E.  t  sec  36,  63-9.    Gabbro S.  12°  W. 

M".  W.  i  sec.  27,  63-10.     Gneieaic  graywacke S.  15°  W. 

Sec.  23,  65-10.    Northeast  cape.    Gneiss 8.  15°  W. 

Sec.  18,  64-7.     Nortih  shore  of  Ima  lake.     Gabbro...  S.  36°  W. 

Sec.  18,  64-7.     North  shore  of  Imalake.     Gabbro...  S.  23°  W. 

Sec  28,  64-7,     Island  in  Thomas  lake.     Gabbro 8.  25°  W. 

Sec  11,  64-7,     Gabbro S.  30°  W. 

Sec  29,  65-7.     Knife  lake.     Graywacke... S.  48°  W. 

6.       CATALOGUE  OF  BOOK   SAMPLES  OOLLEOTBD   BY   N.    H. 
WINOHELL   IN  1886. 

864.  Hard  schistose  rock  or  graywacke,  soatb  ^ide  of  Jones 
bay  in  Vermilion  lake,  N.  E.  t  of  see.  3,  61-16. 

865.  Gray  qnartzyte,  from  the  point  near  the  S.  W.  k  of  sec. 
34,  62-16. 

866.  Brown  jasper  and  hematite  from  the  jasper  ridge,  sec 
29,  62-15. 

866  A.     Nodnlee  from  the  above  ridge,  sec  29,  62-15. 
866  B.     Gray  fine  qnartzyte,  from  8.  W.  end  of  the  same  ridge, 
100  feet  above  Vermilion  lake. 

867.  Lighter  colored  quartz  I'ock  banded  with  jasper   and 
witii  hematite,  same  ridge,  sec  29,  62-15. 
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868.  Maasive  or  baaaltiform  chloritic  syenite,  from  a  lov 
Tidgejnst  southeast  of  last,  sec.  32,  62-15. 

868  A.  Bhomboidal  piece  showing  rough  granular  weathered 
sarface;  same  exposed  snriiice. 

868  B.  Shows  the  gneisslc  strnctnre  sometimes  seen  in  868; 
«ame  locality. 

868  C.  Qnartz  from  a.  vein,  inclosing  green  chlorite  and  hav- 
ing a  achistose  stmctare;  same  exposed  snrface. 

868  Dr  Contains  a  piece  of  chlorite  from  a  flssore  and  a  grain 
tesemhling  a  changed  crystal  of  feldspar;  same  locality. 

868  E.  Nearly  typical  form  of  868  obtained  south  of  small 
ridge,' near  the  west  end. 

868  F.  Oneissic  or  schistose  strnctnre  of  868,  adjacent  to 
868  E. 

868  G.    Sericitic  schist,  same  exposed  sarfe^e  with  868  E. 

868  H.     Arenaceous  sericitic  schist,  same  locality. 

868  I.    Black  slaty  jaspllyte,  same  exposed  rock  sarface. 

There  is  prohahly  au  anconformablejODCfcion  between  868  H 
and  868  I. 

869.  Seridtic  scbist,  A-om  B.  B.  side  of  same  ridge,  sec.  32, 
62-15. 

870.  Serioitic  or  clay  slate,  gradoating  into  869,  sec.  32, 
62-16- 

871.  Iron  ore  from  the  Lee  mine,  sec.  33,  62-16. 
871  A.    Crystals  of  hematite  from  same  locality. 

872.  Fine-grained  doleryte  or  dike  rock,  from  Stantz's 
island,  sec.  21,  62-16. 

873.  Oreenifih  chloritic  schist  tvom  another  set  of  dikes  on 
same  island,  sec  21,  62-16. 

873  A.  Bonnded  ball  of  green  rock  &om  the  schist  No.  873 
on  Stnntz's  island. 

874.  Conglomerate  from  Stantz's  island,  sec.  21,  62-15. 

874  A.     Pebbles  from  same  conglomerate,  same  locality. 

874  B.     Olivinio  greenstone,  found  in  874,  near  some  qnartz 
yeins,  Stnntz's  island,  sec  21,  62-16. 
876.    Sample  of  dike  in  sonthern  part  of  sec.  12,  62-15. 

876.  Iron  ore  from  the  Tower  mine,  sec.  27,  62-16. 

877.  Sample  of  greenstone  dike  on  Menan  island,  sec.  36, 
«3-17. 

878.  White  granite  and  syenite  from  dike  on  Menan  island, 


.vGoogIc 


888  FIFTEENTH  ANNUAL  REPORT 

f  79.    Somewhat  firm  and  gneiasie  mica-Bchist,  i  mile  from  B. 
side  of  sec.  14,  6317. 

880.  Lenticnlar  syenitio-like  uodnles  embraced  in  the  mica 
schist,  No.  879,  sec  14,  63-17. 

881.  Bather  fine  greenstone,  from  dike  in  north  part  of  sec. 
35,  6316. 

882.  CoarBety  schistose  greenish  rock,  from  the  point  pro- 
jecting northward  fromsec.  35  into  the  N.  W.  I  of  sec  36,  63-16. 

883.  Fissile  sericitic  schist,  17.  E.  (  of  sec  6,  62-16. 

884.  Cream- white  sericitic  (1)  schist  irom  Brettang  mine,  sec 
27,  62-15. 

886.     Sericitic-like  rock,  i  mile  from  railroad  cat,  S.  £.  cor- 
ner of  sec  5,  61-15. 

886.  Variety  of  885  resembling  a  gray wacke,  soathern  end  of 
same  cnt. 

887.  Graywaeke,  S.  E.  t  of  sec  8,  61-15. 

888.  Gray  wacke  slate  from  same  locality. 

889.  Pebhly  sericitic  schist,  point,  &  E.  *  ofsec  20,  61-lB. 

890.  Baked  schist,  from  Stone  mine,  sec  27,  62-16. 

891.  Finely  banded  rook  resembling  jaspilyte,  &om  the  same 
locality. 

892.  Kongh,  scarcely  banded  jasper,  north  wall  of  Stone  mine, 
sec.  27,  62-16. 

893.  Rigidly  slaty  jsHpilyte,  sonth  wall  of  Stone  mine,  sec 
27,  62-16. 

894.  Jaspilyte  passing  into  greenish  schist,  near  railroad  cat 
in  Ely  mine,  sec  27,  62-16. 

896.    Transition  between  the' schist  and  the  Jaspilyte,  withoat 
pyrite,  same  locality  as  last. 

896.  Arenaeeoos  schist  with  roanded  (1)  grains,  railroad  cat 
in  Ely  mine. 

897.  Lenticnlar  jaspery  and  chalcedonic  qaarzyte,  embraced 
in  green  schists,  Ely  mine,  sec  27,  62-15. 

898.  Two    other    examplefl  of  blending  of  the  schists  and 
jasper,  obtained  near  Tower;  exact  locality  nncertain. 

899.  Weathered  piece  of  jaspilyte,  with  crystals  of  pyrite, 
obtained  near  Tower. 

900.  Same,  but  containing  fine  rhombohedra  of  magnetite, 
near  Tower. 

901.  Baked  clay,  near  the  contact  with  the  jaspilyte;   Lee 
mine,  sec  33,  62-16. 

902.  Pare  red  jasper,  from  the  Stone  mine. 


.vGoogIc 


STATE  OEOLOaiST.  369 

903.  £ed  jasper,  with  darker  bands  of  iroo  ore,  Stone  miDe. 

904.  Siliceons  nodnlee,  from  the  "baked  clay;"  Stone  mine. 

905.  Banded  specnlar  hematite,  Stone  mine. 
90tt.  Iron  ore  breccia,  same  locality. 

907.  Greenish,  finely  striped  jaspilyte  from  the  Stone  mine. 

908.  Matrix  of   conglomerate  oconrring  north  of  the  Cady 
Hooae  near  Tower. 

908  A.     Fragments  of  boulders  derived  from  908. 

909.  Hematitic  jasper  and  white  or  nearly  white  qoartzyte, 
near  Tower,  a  little  to  the  north. 

910.  Seridtio  schist,  from  a  narrow  band  between  two  jasper 
maaees,  near  Tower, 

911.  Jasper  conglomerate,  sec.  20,  62-16. 

912.  Brecciated  schist,  cemented  by  solpbide  of  iron ;  I«ee 
mine,  sec.  33,  62-16. 

913.  Qraywacke,  from  low  hills  S.  E.  of  Tower,  netfr  the  rail- 
road, sec.  33,  62-15. 

914.  Porodyte,  containing  pebbles  of  graywacke,   8.  £.   of 
Tower,  near  the  railroad,  sec.  S3,  62-lfi. 

916.    Greenstone,  from  dike  eoMi^Uie  graywacke  near  the 
railroad,  S.  B.  of  Tower,  sec.  33,  62-16. 

916.  Br^cia,  now  converted  to  hematite  and  a  fionry  white 
mineral;  Breltnng  mine,  sec  27,  62-15. 

917.  JaspUyte,  from  extreme  eastern  estensioa  (d*  the  ridge 
affording  868;  sec  32,  62-16. 

918.  Ooaree  qnartz  dioryte,  from  a  bonlder  occurring  near 
the  railroad,  at  Breitang  mine. 

919.  Green  schist  f^m  the  railroad  cat  south  of  the  Stone 
mine,  sec  27,  62-15. 

920.  Graywacke,  containing  crystalline  grains,  9.  E.  i  of  sec. 
6,  62-15. 

921.  Black  or  pnrplish-black  clay  slate,  S.  W.   i  of  sec.  6, 
62-16;  lake  shoreof  Pine  island. 

922.  Fine,  toagh,  granalar  basaltiform  graywacke,  shore, 
S.  W.  i  of  sea  1,62-16. 

923.  Samples  showing  contact  of  mica-schist  and  syenite, 
centre  of  sec  36,  63-17. 

924.  Granite  from  S.  W.  i  of  sec  35,  63-17. 
926.     Fine-graiAed  mica  schist,  same  locality. 

926.  Greenstone,  N.  E.  i  of  sec.  31,  63-17. 

927.  Granite,  from  the  point,  centre  of  sec  23,  63-18. 
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928.  Graywacke-like  rock  containing  syenite  in  lenticnlar 
patches,  S.  W.  corner  of  see.  9,  63-17. 

929.  Mica-schist,  nob  gneissose,  K.  E.  (  of  sec  13,  63-18. 

930.  Gneissio  miea-echist  from  same  locality. 

931.  Beddish-gray  gneiss,  N.  E.  t  of  sec.  13,  63-18. 

932.  Granite,  coarsely  crystalline,  from  the  same  locality. 

933.  Gneiss,  interstratified  in  mica-schist,  sec  14,  63-18. 

934.  Intmeiye  granite,  obtained  at  month  of  Bice  river,  so 
called,  N.  E.  i  of  sec  15,  63-18. 

935.  Granite  from  a  reef  in  K.  W.  t  of  sec  26,  63-18. 

936.  Granite  somewhat  gneisslc,  AM>m  the  small  island  N.  W. 
cor.  sec  32,  63-17. 

937.  Light-colored  granite,  from  small  island  jast  east  of 
Big  Island,  N.  W.  }  of  sec.  22,  62-18. 

938.  Fine-grained  mica-schist,  from  same  small  island,  west 
Bide,  N.  W.  i  of  sec.  22,  63-18. 

939.  Green  argiUyte  slate,  somewhat  emmpled,  from  tho 
island  in  S.  E.  1  of  sec.  31,  63-16. 

940.  Beddish  granite,  coarse,  not  very  common,  S.  W.  i  of 
sec.  23,  63-16.     Xorth  shore  of  the  bay. 

941.  Bed  granite  from  same  place,  rather  common. 

942.  Bed  granite,  finer  grained  than  last,  composing  lai^e 
blufl^  same  locality. 

943.  Red  granite,  lighter  colored  than  942,  from  same  blnff. 

944.  Grayish  granite,  one  of  the  common  phases  of  the  rock 
of  the  region,  near  centre  of  sec  23,  63-16. 

945.  MicaoeotiB  gneiss,  S.  W.  i  of  sec.  23,  63-16. 

946.  Bed  micaceons  gneiss,  from  K.  E.  ^  of  sec  27,  63-16. 

947.  Porodyte  gmywacke,  from  S.  W.  1  of  sec.  3,  62-15. 

948.  Schist,   nodnlar,   and  resembling  an  igneotts  breccia. 
"Halt  160,"  N.  W.  }  sec.  28,  63  11. 

949.  Green  diabase,  cntting  948,  from  same  locality. 

950.  Bedded  quartzyte  fi-om  the  Silver  City  mines,  N.  E.  i 
sec  32,  63-11. 

951.  Quartz  in  which  the  tunnel  runs,  somewhat  disint^rated, 
same  locality. 

952.  Coarse,  red- weathering  syenite,  west  side  of  White  Iron 
lake,  sec.  6,  62-11. 

953.  Coarse  porphyritic  syenite,  river  bank,  sec  19,  62-11. 

954.  Coarse  gabbro,  east  side  of  Birch  lake,  on  N.  W.  i  sec 
17,  61-11. 
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955.  Oranite,  dark-colored  and  gueiesic,  K.  W.  i  of  sec  26, 
61-12.     From  boulders. 

956.  (j^neissio  ehlorlte  rock,  coataiDing  feldspar  and  quartz, 
N.  W.  i  of  sec,26,  61-12.     From  boulders. 

957.  Altered  olivine  rock,  same  locality.     From  bonlders. 

958.  Breoxda  of  mica-schist  cemented  by  granite,  X.  E.  i  of 
sec.  21,  61 12. 

958  A.     Sample  of  the  mica-schist  last  mentioned. 
958  B.    Shows  the  nature  and  actual  widtk  of  one  of  the  gran- 
ite veins  oeoarring  in  958,  from  same  locality. 

959.  Red -weathering  bedded  granite,  blaff  on  shore  of  the 
lake,  near  i  sec  line,  sec  23,  61-12. 

960.  Ferruginous  olivine  rock,  from  alow  rid^  about  15  rods 
from  shore,  8.  W.  i  of  sec  24,  61-12. 

961.  Shows  the  contact  between  syenite  953  and  the  granite 
955  and  957;  from  last  mentioned  locality. 

962.  Olivinitic  ^bbro,  dark -colored,  from  about  \  mile  west 
of  last. 

963.  Fine-graiued  red  syenite,  like  the  "red  rock"  of  Grand 
Marais,  near  the  point  at  the  sec  line  between  sees.  23  and  24, 
61-12. 

964.  Coarse  porphyritio  syenite,  point  on  the  coast,  S.  B.  t 
of  sec  22,  6112. 

964  A.  Fine  granular  granite,  from  vein  catting  across  964 
and  blending  below  with  965;  same  locality. 

964  A.  Mica-schist,  in  small  patches,  a  phase  of  964  A,  same 
locality. 

965.  Fine-grained  granite  in  regular  beds,  S.  ^.  i  of  sec.  22. 
61-12. 

965  A.     Coarse  syenite  fi^m  zigzag  vein  (or  dike)  in  965. 

966.  Coarse  syenite  below  964  to  965  A  inclusive,  from  same 
locality. 

967.  Fragment  of  dike-like  rock  cutting  coarse  syenite,  from 
the  bay,  N.  side  of  sec  21,  61-12. 

968.  Coarse  syenite,  cut  by  vein  of  reddish  fine  syenite,  short 
distance  north  of  last,  beyond  X.  line  of  sec.  21,  61-12. 

969.  Portion  of  dark  vein  crossing  coarse  syenite,  S.  E.  i  of 
sec.  29,  61.12.  t 

970.  Fragment  from  same  dike,  or  vein,  showing  tendency  to 
become  mioa-scliist;  from  same  locality. 

971.  Portion  of  same  dike,  showing  contact  with  the  syenite, 
and  here  being,  apparently,  a  true  mica-schist;  S.  E.  i  of  sec. 
29,  61-12, 
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972.  OneiHS,  sometimes  passing  into  a  flne-grained  qnartzoee 
granite;  from  a  little  north  of  last  locality,  in  same  seotion.' 

973.  Hornblendie  gneiss,  a  phase  of  972,  fromN.  W.  comer 
of  see.  30,  61-12. 

971.  Shows  the  same  rock  (972)  undergoing  a  change  tovard 
mica-schist;  from  same  locality. 

976.  Two  other  examples  of  972,  here  a  mottled  schist  from 
extreme  west  end  of  Birch  lake,  south  of  moatit  of  Birch  river. 

976.  Olivioitic  iron  ore,  from  a  boulder  i  mile  south  of 
second  crossing,  S.  W.  i  sec  10,  62-12. 

977.  Fine-grained  olivine  gabbro,  from  the  second  crossing 
Dnnka  river,  S.  W.  i  sec.  10,  60-12. 

978.  Dioryte  apparently  passing  into  coarse  red-weathering 
syenite,  S.  E.  i  sec.  28,  61-12. 

979.  Fine  syenite,  taken  from  the  PaUsade  rock  of  Archway 
rapids,  sec.  9,  62-10. 

980.  Dlabas&felsyte,  ft«m  a  small  Island  in  S.  E.  1  of  X.  W.  1 
sec  19,  63-9. 

981.  Hard  qoartzose  gneiss,  from  an  island  lying  southeast 
from  the  la^ 

982.  Biotite-olivine-gabbro,  or  biotite  mica-schist,  N.  B.  ends 
of  little  ^.  K  and  8.  W.  lakes,  sees.  15  and  16,  63  9. 

983.  tTndecayed  sample  of  the  above.  A  phase  of  the  real 
gabbro;  samn  locality. 

984.  Qnartzoee  gneiss,  also  a  phase  of  the  real  gabbro;  same 
locality. 

985.  Fine-grained  gabbro  with  small  percentage  of  biotit^ 
near  the  river,  S.  W.  t  sec  16,  63-9. 

986.  Fiae  qnartzose  gneiss  or  mica-scbist,  north  side  of  the 
river,  N.  W.  i  sec  20,  63.9. 

987.  Finegrained  diabase,  from  the  hill  in  sec.  18,  63-9. 

988.  6abbro,  from  the  summit  of  a  small  ridge  b^ween  the 
above  hill  and  the  shore,  see.  18.  63-9. 

989.  Fine-grained,  slightly  micaceous  quartzose  rock,  K.  W.  i 
sec.  27,  63-10. 

990.  ITearly  white  gneissic  rock,  shore  of  lake,  north  of  last, 
N.  "W.  }  sec  27,  63-10. 

991.  Gray,  rtd-weathering  gneissic  rock,  from  an  island  In  the 
lake,  N.  W.  i  of  sec.  27,  63-10. 

992.  Bfd-weathering  chloritic  syenite,  north  shore  of  the 
lake,  a  little  east  of  991,  N.  W.  i  of  sec.  27,  63-10. 

993.  Chloritic  syenite  similar  to  992,  but  closely  and  lenticn- 
larly  jointed,  N.  "W.  t  sec  27.  63-10. 
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994.  Fine  red  sjenite,  broken  in  erery  direotioa,  from  the 
point  between  the  two  ba;«,.  N.  W.  i  of  seo.  26,  63-10. 

996.  Homblendio  g:neiB9,  from  the  second  rapids,  H.  part  of 
sec  8,  63-10. 

996.  Igneoos  rook  with  a  twisted  and  lentioolar  gueissic 
stmotnre,  from  the  hill-range  jost  north  of  the  fioot  of  the  port- 
age, B.  W.  t  sec.  21,  63-10. 

997.  Chloritic  eyenite.like  993,  from  north  side  of  river  near 
the  rapids,  y.  part  of  sec.  29,  63-10. 

998.  Same  as  997,  obtained  aboat  half  va;  np  to  (harden 
lake,  in  the  rapids. 

999.  Same  as  997,  still  farther  up  the  rapids,  near  the  shore 
of  Garden  lake. 

1000.  Magnetic  qoartz  schist,  from  the  npper  end  of  the 
rapids. 

1001.  Iron  ore  from  Harvey's  test-pits,  S.  B.  1  of  sec.  27, 
63-12. 

1002.  Fine-grained  gray  sllioeoos  felsitic  rook,  sonth  shore  of 
Long  lake,  sec.  28,  6312. 

1003.  Slaty  or  schistose  grsywacke,  half  way  tmm  iHm  lake 
shore  to  Patterson's  trenches,  sec.  28,  63-12. 

1004.  Onfhsed  serloitic  schist,  fissile  lenticDlarly,  blaff,  cen- 
tre of  sec  19,  6311. 

1006.  From  the  same  blnff  bat  overlying  1004,  resemhlii^ 
the  rock  of  Kawasachong  &lls. 

1006.  Hardened  serieitic  schist,  near  contact  with  dike,  N.  E.  t 
of  see  19,  63-11. 

1007.  Granular  qnartz  with  disseminated  pyrite,  got  in  con- 
tact with  1006. 

1008.  Obt^ned  (wo  feet  from  the  dike  above  mentioned,  on 
the  sonth  side. 

1009.  Sample  of  the  dike  rook. 

1010.  Represents  the  contact  of  1008  and  1009. 

1011.  Essentially  the  Kawasachong  CallB  rock,  at  various 
places  between  the  lake  phore  and  the  hill  in  S.  B.  i  of  sec  19, 
63-11. 

1012.  Black,  banded,  magnetic  qnartz  schist,  from  boulders 
top  of  hill,  S.  E.  t  of  sec.  19,  63-11. 

1013.  Chalcedouic  granular  qnartz,  from  veins  in  qnartz 
schist,  top  of  hill,  S.  E.  i  of  sec  19,  63-11. 

1014.  Greenish-gray  rock,  apparently  a  n^odifled  graywacke, 
Jost  sonth  of  line  between  sees. -19  and  30,  west  of  trail,  63-11. 
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1015.  Pine  brecciated  graywacke,  rough  in  general  outward 
aspect,  N.  B.  i  of  sec  30,  6311, 

1016.  Jasper  hematite,  centre  of  sec.  30,  63-11. 

1017.  Green  Bchist  with  crystals  of  white  triclinic  feldspar 
and  some  granular  quartz.     N.  W  i  of  sec  28,  63-11. 

1018.  Similar  schist  oa  the  same  exposed  aarface,  bat  with- 
oat  feldspar. 

1019.  Similar  schist,  less  schistose.    Same  exposed  surface. 

1020.  Similar  rock,  hardly  schistose.   Same  exposed  sur&oe. 

1021.  Similar  rock,  but  evidently  changed  from  an  igneous 
rock.    Same  exposed  surtbce. 

1022.  Changed  doleryte.     Same  exposed  surface. 

1023.  Firm  massive  rock  from  midst  of  schists  above  men- 
tioned, preserving  in  some  places  the  original  Btruotnre. 

1024.  Somewhat  sohistose  magnetic  iron  ore,  from  Joliaa 
Bausmaa's,  S.  W.  i  of  sec.  23,  63-11. 

1025.  Magnetic  iron  ore,  same  locality,  brought  by  Mr. 
Byrne. 

1025  A.  Poroditic  and  apparently  overlying  1025,  sec  21, 
63-11. 

1026.  Tremolitic  schist,  fh)m  the  island  crossed  by  the  section 
line  between  11  and  12,  64-11. 

1027.  Syenite,  from  an  island  in  the  lake,  in  sec.  1,  64-11,  cot 
by  an  apparent  dike  of  mica-schist. 

1028.  Micaceous  rock,  containing  a  thin  (^enitef)  vein  or 
dike.     Same  locality.     From  the  left  of  the  contact. 

1029.  Less  micaceous  rock,  obtained  about  a  foot  from  the  left 
of  the  last. 

1030.  Specimen,  obtained  about  three  feet  further  from  the 
left  of  the  contact. 

1031.  Specimen  obtained  at>out  15  feet  from  the  contact. 

1032.  Fine-grained,  red-weathering  syenite,  gray  within,  often 
gneissic  and  jointed,  sec.  23,  65-10. 

1033.  Micaceous  (^uartzoseT)  gneiss,  firom  bands  cutting  the 
rock  represented  by  sample  1032. 

1034.  Coarse  vein  rook  containing  the  same  minerals  as  1032 
in  larger  crystals,  sec.  23,  65-10. 

1035.  Fine-grained,  dark-gray  rock,  in  some  plac^  appar- 
ently schistose,  east  end  of  portage  from  Ensign  to  Illusion  lake, 
sec  13,  64-8. 

1036.  Fine-graiqed  (arenaceoosl)  rock,  similar  to  1035,  IWn- 
sion  lake,  sec.  13,  64-8. 
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1037.  "  MoBcovado  "  gabbro,  finely  graoalar,  gray  or  yelloT- 
ish,  east  side  of  Illasion  lake,  sec.  13,  64-8. 

1038.  GoarBe  gabbro,  from  the  Bbore  i^rther  soatb,  sec  13, 6i- 
8.     Shown  on  a  small  island. 

1039.  Biotitic  gneiss,  shoving  a  contorted  straotnre,  first 
island  south  of  last,  sec.  13,  64-8. 

1040.  Ferriferons,  olivinitio  gabbro,  little  west  of  meander 
corner  of  sees.  28  and  29,  N.  E.  t  of  sec.  29,  64-7. 

1041.  Ferriferoos  gabhro,  old  mining  place  on  Frazer  lake, 
near  the  section  line' between  23  and  24,  64-7. 

1042.  Oneissic,  biotitic  gabbro,  sometimes  apparently  qaartz- 
ose,  from  the  lake  in  the  river,  sec.  11,  64-7. 

1043.  Greenish  amphiboUtic  rock,  like  that  of  the  ridge  south 
of  S.  B.  pfot  of  Kekekabic  lake. 

1044.  Oneissic  (syenitict)  rock,  south  shore  of  the  little  galf 
at  the  S.  E.  side  of  Kekekabic  lake,  sec  11,  64-7. 

1045.  Thin-bedded  gneisaic  (syenitici)  rock  similar  to  1044, 
but  weathering  reddish,  south  shore  of  Kekekabic  lake,  near  the 
meander  corner  of  sec  line  bet.  sees.  2  and  3,  64-7. 

1046.  Farplish-red,  syenitic  (T)  snb-orystalline  rook,  from  a 
small  island  near  eeatre  of  sec.  3,  64-7. 

1047.  Fine-grained  gabbro-like  rock,  much  like  1036,  inclos- 
ing 1048;  8.  W.  corner  Kekekabic  lake,  S.  W.  t  of  sec.  3,  64-7. 

1048.  Bock  composed  of  rounded  and  snb-angalar  masses 
apparently  shading  into  1047;  8.  W.  i  of  sec  3,  64-?. 

1049.  Biotite  gabbro,  somewhat  pebbly,  bluff  6  feet  above 
the  lake,  £.  side  of  sec.  4,  64-7. 

1050.  From  the  same  bluff,  near  the  top. 

1051.  Orthoclaae  gabbro,  west  shore  of  lake,  sec  3,  64-7. 

1052.  Bed  rock,  same  as  1046,  from  near  contact  with  1061, 
on  the  point,  at  W.  i  of  sec  3,  64-7. 

1053.  Black  petrosiliceons  rock,  distinctly  bedded,  some- 
times slaty,  sometimes  black  slate,  X.  W.  i  of  sec.  3,  64-7. 

1064.    Scales  showing  weathered  surface  of  1053. 

1055.  Lenticnlarly  and  coarsely  schistose  greenish  schist,  S. 
"W.  extension  of  1049  and  1050,  N.  W.  end  of  bay  projecting 
northward  into  sec.  34,  65-7. 

1066.  Quartz  and  pinkish  orthoclase,  from  seams  in  the  schisb 
1056. 

1057.  Variety  of  1055,  non-schistose,'  near  the  meander  cor- 
ner between  sees  35  and  36,  66-7. 

105S.    Two   samples,,  one  conglomeritic   and  the  other  a 
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hard  ooarse-Jointed  BometiinesscliiBtoBe  rock;  from  the  hill  in  N. 
W.  i  of  sec.  36,  65-7. 

1669.  Another  phase  of  the  same  rock,  non-sehistose  and 
ooarse-jointAd,  K.  E.  1  see.  36,  66-7. 

1060.  Gaeiasie  mica-schiBt,  apparently  an  ezteosiOD  of  1065, 
N.  W.  1  sec.  31,  65-6. 

1061.  Porphyry,  from  the  east  end  of  the  narrows,  If.  W.  1 
sec  31,  66-6. 

1061  A.    Green  pebbles  from  1061,  same  locality. 

1061  B.  Weathered  sar&ee  of  the  porphyry,  showing  free 
qaartz,  ditto. 

1062.  Porphyritic  oonglomerate,  near  the  narrows  in  lake 
No.  6,  sec.  28,  65-6. 

1062  A.  Scale  of  1062  coated  with  twinned  crystals  of  feld- 
spar. 

1063.  Conglomeritio  qnartzyte,  often  like  graywacke  in 
aspect,  N.  W.  t  of  sec.  27,  66-6.  N.  W.  shore  of  the  long  bay 
from  Ogishke  Mancie  lake. 

1064.  Conglomerate  representyig  the  general  character  of  the 
rook  about  the  bay-last  mentioned. 

1065.  Porphyritic  conglomerate,  ftom  same  locality. 

1066.  Gray  qaartzyte,  sometimes  pebbly,  generally  with  no 
signs  of  bedding;  narrows  of  bay,  X.  "W.  i  of  sec  27,  65-6. 

1067.  Schistose,  almost  fissile  conglomerate,  E.  side  of  sec- 
ond narrows.of  Ogishke  Mnncie  lake,  K.  W.  i  of  sec  24,  65-6. 

1068.  JDoleiyte,  fh>m  the  bill  a  little  north  of  the  second  nar- 
rows, east  side,  sec.  24,  63-6. 

1069.  Irony  conglomerate,  bill  jnat  northwest  of  the  last,  sec 
24,  66  6. 

1070.  Pebbly  achistose  conglomerate,  from  the  rapids  of  the 
stream  connecting  Mnncie  and  Town  Line  lakes,  sec.  13, 65-4. 

1071.  Porphyritic  greenish  rock,  the  crystals  being  of  a  py- 
rozenic  mineral  apparently,  northward  projecting  point,  S.  shore 
Frog-rock  lake,  sec.  18,  65-5. 

1072.  Green  doleryte,  from  the  east  end  of  Frog-rock  lake, 
sec.  17,  65-5. 

1073.  Coarsejointed  massive  rock, apparently igneoos,  month 
of  C^pshke  MuQcie  creek,  sec.  26,  66-6. 

1074.  Irregular  stratum  of  1073  holding  fragments  of  fissile 
closely  jointed  baked  slate,  sec.  26,  66-6. 

1076.  Specimen  showing  the  janetion  of  1073  and,  1074  with 
a  blending  of  characters,  sec.  26,  66-6. 
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1076.  Tongh  massive  or  coarae-jointed  greenstone,  from  hills 
io  eonthern  part  or  sec  36,  65-6. 

1077.  Pebbly  greeustoDe  gradoatiog  into  1076. 

1078.  Coarse-jointed  massive  rock  tike  1073  bnt  porphyritio, 
sec  38,  65-6. 

1079.  Matrix  of  the  Ogishke  conglomerate,  one-third  mile 
from  the  shore  north  of  Campers'  island,  southern  portion  of  sec. 
23,  65-6. 

1079  A.     Pebbles  from  the  same. 

1080.  Porpbyritic  conglomerate,  X.  E.  corner  of  S.  B.  i  of 
sec  22,  65-6. 

1081.  Siliceons  black  slate,  S.  E.  1  of  sec  22,  65-6. 

1082.  Same  as  1081  bnt  thick-bedded  and  arenaceous,  some- 
times greenish,  80  rods  N.  W.  of  last,  sec  22,  66-6. 

10S3.  Oreen-blaiik  so-called  slate,  resembling  diabase,  inter- 
seoting  1082,  from  hill,  same  locality. 

1084.  Fragmental  rook  from  the  dark-grees  beds  represented 
by  1082,  sec.  22,  65-6. 

1086.  Conglomerate  from  vest  side  of  Little  Beynard  lake, 
near  the  vater,  sec.  26,  65-6. 

1086.  Altered  black  slate,  almost  igneous-massive  in  appear- 
ance; N.  W.  side  of  Fox  lake,  d.  E.  1  sec  26,  A6-6. 

1087.  Oherty  breccia  from  the  beds  shova  on  thf  portage  be- 
tween Fox  and  Agamok  lakes,  sec  36,  66-6. 

1088.  Quartzyte  slate,  basaltic  in  aspect,  N.  shore  of  Gabi- 
michigama  lake,  8.  W.  i  sec  29,  66-5. 

1089.  Hardened,  fn^mental  siliceoas  rock  in  heavy  layers, 
Gabimichigama  lake,  north  side  of  long  point,  S.  W.  i  of  sec. 
32,  65-5. 

1090.  Siliceons  biotitic  gneiss,  sometimes  chrysolitio,  from 
sonth  shore  of  above  point,  sec.  32,  66-5. 

1090  A.  Fragment,  apparently,  of  a  bonlder  in  1090,  same 
locality  as  last. 

1091.  Biotitic  gneiss,  withoat  bedding,  "S.  W.  portion  of  S. 
W.  i  sec.  32,  65-6. 

1093.  Stratified  biotitic  gneiss,  showing  sedimentary  band- 
ing. If.  W.  corner  S.  W.  J  of  sec  32,  65-5. 

1093.  Oreenish,  nearly  homogeneous  basaltiform  rook,  from 
the  point  in  Kekekabic  lake,  8.  E.  side  of  sec  29,  66-6. 

1094.  Porphyritio  rook,  representing  an  altered  conglomer- 
ate, point  corners  of  sees.  29.  30,  31  and  32,  65-6. 

1095.  Banded  graywacke  and  slate,  Mallmann's  peak,  S.  B. 
i  sec.  30,  66-6. 
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1096.  Bock  of  a  ^ike  making  a  conple  of  islands  in  Eekeka- 
bic  lake,  south  of  Mallmaiiii's  peak,  X.  W.  i  sec  31,  66-6. 

1097.  Chloritic  schist  Tith  contorted  sedimentary  stmctnre, 
shore  of  Eekekabic  lake,  S.  E.  i  sec.  30,  65-6. 

1098.  Conglomeritic  chlorite  schist,  If.  W.  i  of  sec.  31, 
65-6;  phase  of  1060. 

1099.  Homogeneonely  micaceons  rock  sometimes  gneiaaic,  and 
conglomeritic  variety  of  same;  portage  trail  from  Kekekabic 
lake  northward,  sec.  34,  65-7. 

1100.  Reddish  syenite,  Tith  lenticoiarly  schistose  jointage, 
mo9t  westerly  island  in  Kekekabic  lake,  sec.  3,  61-7. 

1101.  Greenish  syenite,  north  side  of  same  island,  slightly 
further  west,  sec.  3,  61-7. 

1102.  Oreenisli  syenite  identical  with  1101,  west  end  of  Ani- 
mikie  island,  sec.  3,  64-7. 

1103.  Two  samples  from  S.  W.  comer  Animikie  island,  shov- 
ing variations  in  the  metamorphic  change;'  sec.  3,  64-7. 

1104.  Diabasic  rock,  east  end  of  same  island,  sec.  3,  64-7. 
llO.'i.  ~i        Two  samples  of  porphyritic  rook  from  the  little 

island  N.  E.  of  Animikie  island,  obtained  a  short  dis- 
tance from  each  other,  on  the  north  side,  and  sbowiug 

1106.  j     many  important  features;  sec.  2,  64-7. 

1107.  Light-weathering  black  or  purplish  flint,  from  the 
graywaoke  slates,  north  of  the  portage  landing  on  Knife  lake, 
W.  side  of  sec.  27,  66-7. 

1108.  Mica-schist  with  bands  and  veins  of  syenite,  west  end  of 
tiie  portage,  sec.  6,  64-10. 

1109.  Sericitic  or  felsytic  schist,  at  the  portage  from  Xewtoa 
lake  to  Pall  lake,  N.  W.  i  sec.  3,  63-11. 

SPBCIMENfl  COLLECTED  BY  DR.  WADSWOBTH. 

1110.  Granite,  ftvm  the  island  in  Wkite  Iron  lake,  lying  in 
sec.  33,  63-11  and  sec.  5,  62-11. 

1111.  "I 

1112.  Schist  of  several  kinds,  some  of  it  qnartzose,  some 

1113.  >    hornblendic  and  some  micaceous  or  ferruginous,  from 

1114.  the  foot  of  White  Iron  lake  near  the  northern  end. 

1115.  J 

1116.  Granite,  same  as  that  of  the  island  (1110),  obtained 
some  distance  from  its  contact  with  the  schist,  east  shore  of 
White  Iron  lake. 
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1117. 
1118. 
1119. 
1120. 
1121. 
1122. 

1123. 
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JaDction  epecimens  of  the  granite  and  schist,  all, 
with  the  exception  of  1122,  taken  from  a  point  part 
way  np  the  cliff,  north  end  of  White  Iron  lake. 

Portions  of  the  above  schist  more  indarated  and 
altered  by  contact  with  the  granite,  from  a  point  lower 


1124.  j  jj^^jj  ^jjj  ^^^  gjj^ 

1126.  Portion  of  same  schist  cut  by  two  granitic  veins;  near 
the  lower  contact  (1123). 

1126.  Portion  of  the  edge  of  the  granite  at  the  contact,  filled 
with  fr^menta  of  schist. 

1127f    Specimen  of  contorted  schist  containing  magnetite. 

1128.  Gabbro,  cat  by  intrusive  granite,  B.  shore  of  White 
Iron  lake. 

1129.  Intrusive  granite  as  above. 

1130. 1     Specimens  showing  contact  of  a  dike  of  the  above 

1131.  I  granite,  with  the  gabbro  throngh  which  it  is  intruded. 

1132.  Black  bornblendic  gneiss,  sonth  of  the  meander  line 
between  sees.  6  and  7,  62-11. 

1133.  Micro-granite,  from  dikes  cutting  granite;  meander 
line  between  sees.  6  and  7,  62-11. 

1134.  Micaceous  gabbro,  cnt  by  veins  of  granite,  firom  the 
lake  shore  in  sec.  12,  62-12. 

1135.  Dark  homblendic  rook,  from  small  dikee  cntting  the 
granite  veins  above  mentioned. 

1136. .  Oabbro,  containing  considerable  feldspar,  from  a  point 
about  half  a  mile  west  of  the  line  between  seo.  31,  62-11  and  sec. 
6,  61-11  in  T.  61. 

1137.  Fine-grained  gabbro,  looking  like  diabase,  from  a  point 
-  a  short  distance  west  of  the  meander  stakes,  between  sees.  24  and 

26,  61-12. 

1138.  Apparently  an  indurated  schist  or  sandstone  containing 
much  magnetite,  from  a  point  jnst  beyond  the  last. 

1139.  Granite,  containing  porphyritic  crystals  of  feldspar, 
from  a  point  just  west  of  the  meander  comer  between  sees.  23  and 
24,  61-12. 

1140.  Granite,  fine-grained  in  texture  like  a  micro-granite, 
about  i  o/a  mile  west  of  the  comer  above  given. 
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NOTES  OF  RECONNOISSANCES.— BY  H.  V.  WINCHELL. 
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PARTIAL  REPORT  OF  OBSERVATIONS  MADE 
BY  H.  V.  WINCHELL. 


I.  HOTEU  TAKEN  AUGUBT  26TH,  1886,  OK  A  TSIP  FBOH  FALL 
LAKE  (T.  «3,  11)  TO  LONG  LAKE  (T.  63,  12)  AKD  OK  THE 
HILLB  NOBTH  OF  LOKO  lAKE. 

Long  lake  and  Fall  lake  (EairBeachoDg  lake)  are  conaectod  b^ 
a  stream  of  considerable  size  whioh  faiOa  63  feet  between  the  tiro 
lakes. 

There  are  numy  little  falls  and  rapids  on  the  streamj  bat  the 
only  rock  seen  in  the  t>ed  of  the  stream  after  passing  the  first 
rapids,  is  in  loose  pieces  and  boalders. 

On  the  soatheast  side  of  the  river  near  the  line  betveen 
ranges  11  and  12  in  sees.  19  and  24,  is  a  Iot  range  of  rock  hills. 
They  are  eomposed  of  light-colored  hydro-mica-schist,  finely 
siliceous  and  containing  nameronB  small  cnbea  of  pyrlte.  These 
hills  extend  in  an  easterly  direction  along  the  sonth  side  of  Fall 
lake. 

Going  up  the  river  from  Fall  lake  the  first  rapids  euoonntered 
are  over  aericitic  schist  in  iitu.  It  ia  exoeediogly  schistose  with 
the  strike  60°  E.  of  K.,  and  with  vertical  strata.  Ten  rods  -fur- 
ther east  the  strike  chaDges  to  N.  40°  K  Ifo  more  rock  iu  place 
can  be  seen  from  the  river  on  the  way  to  Long  lake. 

Crossing  to  the  north  side  of  this  lake  we  find  precipitous  hill- 
ranges  running  iu  a  general  directiou  N.  40°  B.  and  increasing 
in  hight  as  we  cross  them  — going  uortb,  until  the  upper  level  is 
reached  at  190  feet  above  the  lake,  as  measured  1^  the  aneroid. 
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The  hills  in  sees.  22  and  15  are  made  up  chiefly  of  a  fiae- 
grained  compact  green  rock.  It  is  a]l  so  fitm  that  there  is  no 
appearance  of  any  etratificatioD  or  schistose  structure;  but  there 
are  carved  lines  or  threads  of  schistose  rock  runoingall  tbroogh 
it.  The  rock  in  these  veins  sometimes  api>ears  like  dioryte  and 
sometimes  like  sericitlc  schist.  There  are  crystals  of  horn- 
blende in  it  that  stand  oat  on  the  weathered  sarface  and  give  a 
darker  and  rougher  appearance  to  the  network  of  veins  which 
is  everywhere  seen  on  the  surfiace  of  the  bare  hills. 


Fig.  62. — Green  schistose  veinings  in  greenstone. 

Going  northward  through  sec.  16,  63-12,  the  ranges  of  hills 
maintain  about  the  same  hight.  They  are  precipitous  and 
deep  ravines  separate  them.  The  rock  changes  rapidly,  becom- 
ing more  massive  and  solid  in  structure  as  we  go  north.  The 
hills  nearest  the  take  are  a  sort  of  greenish  hydro-mica  [chlo- 
ritict]  schist.  The  next  ranges  are  hiirder  and  less  changed  by 
weathering,  and  are  finely  crystalline  in  structure  like  doleryte. 
The  hills  beyond  these  are  coarser  and  look  like  fine  dioryte  and 
so  on;  the  rock  becoming  coarser  and  more  crystalline  in  struc- 
ture toward  the  north. 
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Qasrtz  reins  are  ererywherA  met  with  rannlitg  in  all  dlrec- 
tions  and  sometimefi  lying  Hat  npon  the  surface.  The  general 
glaciation  is  K.  'H°  E.  an^  the  direction  of  the  bill-ranges  N. 
40°  E.  The  schistose  rock  seems  to  dip  north  and  sometimes 
contains  irregnlar-shaped  fragments  of  the  granular  quartz  such 
as  vere  seen  in  the  schists  north  of  Tower. 

One  of  the  ranges  of  dioryte,  as  high  above  the  lake  as  most  of 
them,  has  had  remarkable  action  exerted  upon  it  by  frost. 
Water  seems  to  have  penetrated  the  surface  of  a  round  knob  of 
this  rock  and  has  split  it  apart  to  a  depth  of  20  or  30  feet,  mov- 
ing masses  weighing  thousands  of  tons,  several  feet  asnnder,  and 
even  lifting  them  np  and  tnming  them  completely  over.  Water 
continually  stands  at  the  bottoms  of  the  chasms. 

The  hills  in  this  locahty  are  nearly  bare,  have  no  soil  on  them, 
bat  few  bushes  and  little  moea.  The  opportnuity  for  ascertain- 
ing the  geology  is  excellent  here,  but  it  is  rougher  traveling 
than  around  the  lake  shores. 

Portions  of  the  rock  in  the  first  high  range  of  hills  north  of 
the  lake  contain  light  greenish  amygdnles  that  stand  out  in 
little  round  globules  on  weathered  surfaces. 

The  rock  for  the  first  three-quarters  of  a  mile  north  of  the 
lake,  including  the  schist  uear  the  lake  and  the  semi-crys- 
talline rock  ftirther  north,  contains  beds  or  veins  of  a  very  hard 
siliceous,  partially  metamorphosed  rock  which  is  probably  petro- 
silez.  This  rock  shows  stratification  both  on  the  surface  which 
weathers  white  and  in  the  green  interior. 

The  beds  stand  vertical  and  extend  for  an  indefinite  distance 
nearly  east  and  west  through  the  other  rock.  The  general  thick- 
ness is  about  six  inches;  bnt  in  some  veins  it  is  two  or  even 
three  feet.  A.11  indistinct  tendency  to  coai-se  crystallization  was 
observed  in  these  veins  as  if  they  were  homi^eneons  enough  to 
crystallize  like  a  mineral  and  not  to  be  made  up  of  various  dif- 
ferent crystallized  minerals  like  a  rock.  Some  specimens  were 
obtained  showing  this  peculiarity.     No.  29  (H). 

The  general  impression  obtained  of  this  region  is  that  it  in  on 
the  boundary  line  between  the  purely  schistose  rocks  on  the 
south  and  the  crystalline  rocks  on  the  north. 
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2.      NOTES  ON  BATS  IT,  T,  in,  AND  U,   BASaWOOD  LAKE,    HADE 
IN  TEE  FIBST  TEN  DATS  OP  8EPTEHBEB,    ISStt. 

Say  IV.  BtartiDg  from  the  foils  in  see  22,  64-11,  and  going 
np  the  left  shore,  the  first  observation  made  iras  on  a  small 
island  in  the  TS:  W.  i  of  sec.  22.  The  rock  here  is  a  niixtnre  of 
chlorite  (T)  and  feldspar.  The  green  miners  looks  more  like 
hornblende  in  treiih  breaks;  bat  the  general  appearance  is  that 
of  chlorite.    This  rock  eeems  to  be  massive  and  anstrbtlfled. 

Near  the  soath  qoarter-post  of  sec.  16,  61-11,  is  a  bold  blaff 
of  greenish  schist  26  feet  above  the  water.  The  rock  is  com- 
posed of  fine  mica  (partly  hydroos),  fisldspar.  and  some  chlo- 
rite or  hornblende.  It  is  very  schistose;  strike  is  X.  40°  B.,  dip 
is  S.  W.,  at  an  angle  of  85°.  White  feldspar  stands  ont  on  the 
sorfoce.  In  some  places  the  rock  is  semi-crystalline  and  resem- 
bles dioryte,  No.  30  (H).  A.  quarter  of  n  mile  farther  north- 
east is  a  high  btaff  of  micaccoos  chloritic  schist.  The  hills  rise 
60-76  feet  above  the  lake.  Dip  is  66°  to  the  S.  W.  Eighty 
rods  farther  on  is  agreenish,  micaoeoos  hornblendic  schist  con- 
taining a  little  feldspar.  The  rock  changes  rapidly  in  the 
direction  of  the  strike  and  becomes  less  schistose.  See  Nos.  31 
(H)  31  A  (H)  and  31  B  (H.) 

The  schist  contains  disseminated  nodnles  and  lamps  of  iron 
ore  schist 

Ooing  northeast  across  the  strike  the  rock  becomes  less  schist- 
ose and  contains  grado^ly  more  feldspar  and  a  green  mineral, 
probably  epidote.  It  finally  passes  into  a  rock  composed  almost 
entirely  of  feldspar  and  this  green  mineral.  The  other  ingredi- 
ents are  a  little  mica  and  hornblende.  It  is  very  noticeable  that 
as  the  schist  changes  into  a  more  massive  rock  and  the  schistose 
stmctare  disappears,  a  "stratification"  is  shown  by  a  regular 
arrangement  of  the  minerals  in  bands  or  layers  having  the  same 
direction  as  the  strike  of  the  schist.  No.  32  (H)  showH  this 
arrangement  of  the  minerals.  A  little  further  along  the  rock  is 
more  coarsely  crystalline  aud  more  largely  feldspathic,  also  con- 
taining irregnlar-shaped  patches  of  dioryte.     See  No.  33  (H). 

The  long  point  in  the  S.  E.  i  sec  11,  same  township,  is  com- 
posed of  layers  of  schist  and  dike-like  beds  running  in  a  direc- 
tion W.  10°  S.  Some  of  the  beds  of  stdiist  are  very  micaoeons 
with  muBCOvite  and  some  are  very  siliceous.  There  are  other 
variations  in  composition  making  the  rock  a  queer  mixture  taken 
altogether.    The  dikes  are  diabasic  and  are  well  defined.    They 
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cqC  the  beds  of  echist  very  little,  if  at  all.  Tbe  dip  of  the  schist 
is  80°  to  S.  W. 

A  little  farther  around  the  point  the  strike  changes  to  west. 
Glaciation  is  S.  22°  E. 

The  point  in  the  N.  W.  1  of  8,  E.  J  seel],  is  composed  of  fine- 
grained mica-schist,  dipping  at  an  angle  of  65°  to  the  S.  W, 

On  the  point  in  the  W.  4  of  sec.  11  we  find  for  the  first  time 
syenite  mixing  with  the  mica  schist.  It  very  rapidly  interbeds 
with  it  until  the  beds  alternate  with  a  thickness  of  from  half  an 
inch  to  three  or  four  inches.  Jnst  before  coming  to  this  mix- 
tare  of  syenite  and  schist,  were  passed  a  few  feet  of  greenish 
looking  rock  somewhat  felaitic.  See  So.  34  (H).  The  strike  of 
these  beds  is  W.  24°  S.    See  Fig.  63  for  iUnstration  of  this  place. 


Pig.  63. — thidt  cutting  inieHwdded  syenite  arid  gckisl. 

In  the  N.  E.  1  of  sec.  11  is  a  bed  of  pinkish  gneiss  dipping  S. 
at  an  angle  of  only  aboat  16°.  It  is  ten  rods  across  and  at  the 
E.  side  of  it  is  a  coarse-grained  syenite-gneiss  standing  nearly 
vertical.  See  Nos.  36  (H)  and  37  (H).  Some  of  the  beds  are 
homblendic  and  some  are  almost  wholly  feldspar  and  quartz. 
This  nearly  flat-4>edded  syenite-gneiss  continues  for  a  qoarter  of  a 
mile  or  more  and  there  are  frequent  places  where  the  jointage 
Btrncture  gives  it  tbe  appearance  of  being  in  vertical  beds. 

Beds  of  syenite  gneiss  continne  around  the  west  shore  of  this 
bayforsomedistance;  sometimeethe  gneiss  contains  small  scales  of 
biotite.    In  the  8.  E.  i  of  S.  E.  t  of  sec.  2, 64-11,  it  is  cat  by  beds 
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of  pink  syenite  rnnnii^  S  and  W.  There  is  the  same  apparent 
]ow  angled  dip,  bat  the  dike-like  beds  stand  nearly  vertical.  It 
is  noticeable  that  each  bed  seems  to  be  mach  more  massive  on 
the  E.  or  S.  side  than  on  the  npper  or  N.  W.  side  where  it  has  a 
gneissoid  stmctare.  A  few  rods  further  on  there  is  a  bold  blnff 
of  pink  gneiss,  16  feet  high,  very  gneissic  and  standing  appar- 
ently on  edge,  with  the  strike  nearly  K.  and  B. 

The  point  in  the  S.  B.  i  of  sec  2  is  composed,  on  the  west  side, 
of  syenite.  This  gradually  changes  to  a  greenish  silioeo-feld- 
spathic  rock  like  felsyte;  and  this  grades  into  mica-sohist.  It 
does  nirt  remain  long  in  that  condition  bat  passes  back  into  a 
reddish-green  rock  that  looks  like  syenite  on  the  snrfiice;  bnt 
which  seems  to  be  only  a  mixture  of  syeaite  and  sobifit.  Strike 
is  N.  70"  B.  See  Nos.  38  (H),  38  A  (H)  and  38  B  (H).  A  little 
farther  east  the  blafife  of  syenite  are  higher  and  more  qnart^ose. 
They  contain  also  hornblende  st^ist  mnning  in  direction  10°  S. 
of  E.  through  the  rock.  These  beds  of  hornblende  schist  vary 
in  thickness  from  an  inch  to  fonr  or  five  feet. 

Micaceons  syenite-gneiss  is  found  in  K.  W.  i  of  sec  6,  64-10. 
Beds  of  hornblende  schist  are  inclosed  in  this  gneiss.  The  horn- 
blende, however,  often  changes  to  mica  and  much  quartz  is  pres- 
ent. On  a  small  island  near  the  shore  at  the  N.  W.  corner  of 
64-10  is  a  display  of  perfectly  interatratified  schist  and  gneiss. 
The  beds  ran  y.  70°  E,  dip  north  65°  and  alternate  between 
hornblende-schist  containing  mica  and  syenitic  gneiss  with  a 
little  mica.  It  is  one  of  the  finest  ezposaret«  to  be  seen  in  this 
region. 

Bay  V.  The  point  in  the  S.  i  of  sec.  36,  65-1  i.  ia  a  high  blnff 
of  syenite-gneiss  containing  beds  of  hornbleude-schist.  The  gen- 
eral strike  is  N,  75"  E.  This  blnff  is  rounded  and  bare  and 
almost  60  feet  high. 

In  the  centre  of  sec  2,  64-11,  the  syenite-gneiss  again  seems  to 
dip  north  at  an  angle  of  15°  or  20°.  It  is  thick-bedded  and 
immense  quantities  are  to  be  seen  on  all  sides. 

In  the  S.  W.  i  of  sec  2,  64-11,  syenite-gneiss  occiirs  inter- 
stratified  with  thin  beds  of  mica  and  hornblende  schists.  The 
dip  is  N.  15°  or  20°.  There  is  a  very,  large  expc^ure  at  this 
place.  The  beds  are  cut  by  dikes  or  beds  of  syenite.  See  No. 
45  (H).  Tbe  rock  in  the  N.  El  i  sec  10,  64-11,  is  gneiss,  con- 
taining mica-schist  interbedded  with  it;  both  being  cut  by 
syenite  beds.  It  is  coarsely  crystalline  in  spots,  the  feldspar 
crystal  being  over  half  an  inch  long. 
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On  the  north  side  of  the  west  end  of  the  bay  in  sec.  8,  64-11,  is 
a  mixed  exposure  of  ayenitic  gneiss  and  hornblendic  schist. 
Beds  or  dikes  of  syenite  ran  in  all  directions  throngh  and  across 
the  schist,  inclosing  and  cutting  it  into  all  tnanner  of  shapes. 
Dip  is  N.  15°.  See  Nos.  47  (H),  48  (H).  In  the  N.  W.  I  sec  9, 
64-11,  there  is  a  high  ridge  of  syenite  or  dioryte  interbedded 
with  hornblende  schist.  It  rises  fifty  feet  above  the  lake  and 
where  it  comes  out  to  the  lake  shore  it  forms  a  huge  bluff,  the 
dip  being  north  at* angles  varying  from  15°  to  60°.  Strike  is  i^. 
60°  E.  N'ear  the  intersection  of  the  shore  line  with  the  east  line 
of  sec.  4,  64-11,  the  syenite  again  crops  out.  Here  there  are 
thick  beds  of  granite  or  gneiss  and  tbiu  beds  of  mica-schist. 
The  beds  stand  nearly  vertical  but  have  a  slight  inclination  to 
the  north.  Strike  is  N.  70°  E.  See  No.  49  (H).  All  the  way 
across  the  east  end  of  the  long  point  in  the  N.  i  of  sec.  3,  64-11, 
is  a  fine  display  of  mica-schist  and  gneiss,  interstratified  in  thin 
beds  and  dipping  north  60°.  General  strike  is  N.  74°  E.  Nos. 
50  (H)  and  51  (H)  are  samples  of  this  rock.  Interstratified  gneiss 
and  mica-schist  are  again  seen  on  the  line  between  sees.  35  and 
36,  65-11.  They  dip  north  60°  and  the  strike  is  N.  70°  E.  It  is 
noticeable  that  the  mica  is  coarser  near  the  contact  with  gneiss 
than  in  the  beds  of  mica-schist. 

The  long  point  in  the  y.  E.  \  of  sec  36,  65-11,  is  a  high  bluff 
of  interbedded  gneiss  and  mica-schist.  It  i-ises  50  feet  above 
the  lake.     Dip  is  N.  70°.     Strike  is  X.  70°.  R 

BAS8WOOD  LAKE. 

Jiay  III.  Gneiss  containing  some  hornblende  is  found  on  a  low 
point  in  the  N.  E.  1  of  sec.  3,  64-10.  It  is  thin  bedded,  13  beds  in 
a  tliicknessof  two  feet  being  counted  in  one  spot.  It  seems  to  dip 
south  at  a  low  angle.  There  are  dikes  cutting  the  beds  in  various 
directions.  These  dikes  are  very  siliccons,  being  composed 
almost  wholly  of  quartz  and  feUlspar  with  a  little  mica.  The 
quartz  seems  to  l>e  granular  and  not  massive.  See  Xos,  52  (H) 
and  53  (H).  A  few  rods  further  on  there  is  some  schist  inter- 
bedded with  the  gneiss.  In  some  places  this  schist  is  mostly 
hornblendic;  in  others  quite  micaceous. 

Near  the  line  between  sees.  3  and  4,  64-10,  is  a  bluff  of  dio- 
ryte (t).  It  rises  ten  or  twelve  feet  above  the  water  and  shows  no 
signs  of  gneissoid  structure.  The  hornblende  crystals  are  some- 
times over  an  inch  long.     No.  34  (H). 
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TtoB  dioryte  oontinaes  for  several  rgds  along  the  shore  to  the 
west.  It  saddenly  oomes  into  oontaet  with  gneifis  and  mica 
flchist.  The  direction  of  the  line  of  contaot  is  K  2°  S.  Croming 
this  bed  of  mica-schist  we  oome  to  anotiier  bed  of  dioiyte,  then 
to  a  bed  of  mica-schist  or  hornblende-schist  again  and  soon  nntil 
it  seems  as  if  they  were  interbedded;  though  thedioryte  appeais 
to  lie  upon  the  other  rocks  a  little  as  thoagh  it  had  flowed  over 
them.  The  schists  stand  on  edge  (1)  and  mn  in  the  direction  of 
the  contact  with  the  dioryte.  There  are  also  dikes  of  gneiss  oit- 
ting  the  dioryte.  Sos.  55  (H)  and  .W  (H).  Near  the  west  line 
of  sec.  4,  64-10,  is  a  ridge  of  ayenitic  gneiss  which  grades  by 
imperceptible  changes  into  schist.  Dip  is  N.  60.  Strike  is  X. 
50°  E. 

The  micaceous,  hornblendic  schist  is  somewhat  siliceons  and 
probably  contains  some  feldspar.  Gradnally.  in  the  space  of  a 
few  inches  along  the  strike,  it  acquires  more  and  more  qoartz 
and  feldspar  until  it  becomes  reddish  syenite  gneiss.  Thus  we 
have  mioa  and  hornblende  stdiists  changing  to  gneiss  and  syenite- 
gneiss,  not  only  by  being  more  and  more  finely  interbedded,  bnt 
also  by  a  mixture  of  the  minerals  of  which  each  rock  is  com- 
posed. Nos.  57  (H),  67  A  (H),  57  B  (H),  57  C  (H)  and  57  D  (H), 
illustrate  this  transition. 

On  ahe  west  side  of  the.portage  in  sec.  5,  64-10,  is  foand  mica- 
schist  -with  considerable  feldspar  and  qnartz;  also  a  porphyritic 
syenite-gneiss  containing  sometimes  much  mica.  The  feldspar 
crystals  are  white  and  stand  out  on  weathered  surfaces.  Dip 
8.  85°. 

Xear  the  west  line  of  sec.  5,  64-10,  is  a  bed  of  rock  resembling 
dioryte  but  oontainiog  biotite.  It  is  ooarsely  crystfUline  and 
seems  to  dip  south  and  under  the  syenite  a  little  farther  west. 
See  No.  59  (H). 

There  is  a  low  outcrop  of  rock  resembling  diabase,  very  sili- 
ceous, in  the  S.  E.  I  of  sec  6,  6410.  It  has  no  distinct  bedding 
or  schistose  structure.  Glaciation  is  N.  22°  K  The  point  in 
the  8.  W.  i  of  sec.  5,  same  township,  is  made  up  of  very  fine 
mica-schist.  It  is  in  long  smooth  bedsdippii^  south  80°  or  85°. 
The  strike  is  N.  60°  E.  This  schist  would  make  fine  scythe 
stones.  Only  one  bed  of  gneiss  was  seen  on  this  point;  it  was  a 
foot  thick  and  about  six  feet  long  in  the  direction  of  the  strike 
of  the  schist.  It  was  completly  inclosed  by  the  schist  and  was 
very  micaceous  itself. 

In  the  8.  E.  i  of  the  N.  W.  1  of  sec  16,  64-10,  is  mica-schist 
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in  UDeven  wavy  beds,  dipping  north  at  fuiglee  varying  fiy>m  20** 
to  60°.  Strike  is  E.  20°  S.  The  achist  seems  to  be  an  inter- 
mediate stage  between  gneise  and  schist.  Feldspar  crystals 
stand  oat  on  weathered  surfoees  and  give  a  whitish  appearance 
to  the  rock.  This  schist  is  fermginons  and  disturbs  the  compass. 
A  little  farther  ap  on  the  knoll  the  dip  is  south  and  the  Btrike  is 
B.  60°  S.  So  this  point  is  probably  not  as  indicative  of  a 
general  nortbern  dip  to  the  rooks  of  this  locality. 

3.      FSEDDO-MESSEB  LAXE. 

The  blafi^  aronnd  the  west  end  of  this  lake  are  qnite  precip- 
itODB  and  heavily  wooded.  The  rocks  are  quite  different  from 
those  of  the  Basswood  lake  r^on;  being  apparently  of  the  same 
character  as  the  Vermilion  lake  rotiks. 

The  general  condition  of  the  rock  is  an  argillitic  slate  or  schist 
varying  to  a  siliceous  graywacke  that  resembles  diabase.  Dip 
is  south  at  a  high  angle  and  general  trend  is  IS.  70°  E.  There 
is  much  pyrite  in  small  cubes,  which  have  a  greenish  color  scat- 
tered through  the  slate.  There  also  appears  a  white  mineral  in 
many  places  io  cracks  and  seams;  it  is  perhaps  dolomite.  A. 
small  island  in  a  \My  at  the  south  side  of  the  lake  presents  some 
interesting  features.  The  rock  of  which  it  is  composed  varies 
from  a  fine,  homc^eueous  slate  to  a  solid,  coarsely  granular  rock 
with  a  basaltic  structure  and  every  appearance  of  trap.  We  see 
here  also  a  grayish  quartz-porphyry  containing  'nodnles  of 
black  jasper.  This  becomes  finer  and  finer  until  it  grades  into 
a  light  greenish  aphanyte.  The  rock  on  this  island  resembles 
very  mach  that  on  the  island  at  the  month  of  Stnntz  bay,  Ver 
milioD  lake.  There  is  a  similar  high  range  of  hills  just  south  of 
it  too  that  suf^ests  the  iron  range  at  Tower. 

Kj^/e  lake.  The  hills  at  the  west  end  of  the  lake  are  from  20 
feet  to  60  feet  high,  covered  with  small  poplar,  birch  and  cedar 
trees;  while  here  and  there  are  a  few  large  pines,  which  having 
escaped  the  dree  are  left  standing.  The  rock  is  very  fine-grained 
siliceous  slate,  bluish-gray  to  greenish-black. 

It  is  very  finely  banded  in  some  places  and  sedimentary 
structure  is  very  evident.  In  spots  it  becomes  coarser  and  con- 
tains rounded  nodules  of  vitreous  quartz.  It  stands  nearly  on 
edge,  dipping  south  85°  or  88°.  The  strike  is  quite  uniformly 
N.  70°  E.  The  slate  is  found  coarse-grained  on  the  east  side  of 
the  bay  in  the  8.  W.  1  of  sec  1,  65-7. 
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On  a  point  near  f^e  west  line  of  sec.  28,  the  alate  has  con- 
aiderable  quartz  and  pyrlte  in  it. 

In  the  S.  E.  i  of  IS.  E.  i  of  aec  27,  65-7,  is  a  fine  ezpoeare  of 
this  flinty  slate.  The  strnctare  of  the  rook  is  not  smorphons 
here,  but  passes  into  the  greenisli  rock  called  porodyte  Sean  at 
Stantz  bay,  Vermilion  lake. 

The  rocks  and  water  look  very  mach  alike  in  this  and  adjoin- 
ing lakes.  Both  are  clear  and  have  a  greenish  tint  of  cleaDll- 
nees  and  pnrity  that  ia  refreshing  to  the  eye. 

The  schistose  stratitnre  and  the  bands  of  sedimentation  when 
risible  do  not  always  coincide,  sometimes  varying  one  way  and 
sometimes  the  other.  On  the  point  iti  the  S.  W.  }  of  sec  23, 
65-7,  is  a  floe  exhibition  of  the  banded 'sedimentary  strnctare. 
The  l>ands  run  very  nearly  straight  and  uninterrupted  across 
the  surfiice  of  this  knoll  for  several  rods.  Strike  is  N.  72°  E. 
The  beds  vary  in  hardness  and  in  color;  but  they  all  weather 
white  on  the  surface.     Dip  is  south  75". 

The  rock  composiug  the  high  bluff  in  the  S.  W.  1  of  the  S. 
W.  i  of  sec  24,  65-7,  is  very  hard  and  tongh  with  a  basaltic 
structure.     It  ixsemi-crystalliue,  and  of  a  grayiah-green  color. 

In  the  S.  E.  i  of  the  same  section  is  a  knoll  where  the  rock 
changes  from  the  flinty  slate  to  a  fine  conglomerate  containing 
jasper  and  vitreous  quartz,  and  farther  to  a  coarse  conglomer- 
ate containing  pebbles  an  inch  long.  This  change  occurs  both 
in  crossing  the  beds  and  in  following  the  strike.  Strike  is  EI. 
48°  S.  Glaciation  is  S.  30°.  E.  See  Nos.  71  (H),  71  A  (H).  71 
B  (H).  In  th3  8.  E.  i  of  sec  19,  6J-G,  is  a  ridge  of  porodyt* 
or  felsyte.  It  is  a  greenish-gray  rock,  with  green  veins  running 
through  the  white-weathered  surface.  There  is  a  remarkable 
change  in  the  strike  of  the  rocks  throngh  here,  as  is  indicated 
by  the  direction  of  the  coast  line.  Strike  is  N".  40°  S.  There 
is  a  ooarse  schistose  structure  trending  N.  50°  E.  Perhaps  the 
high  ridge  of  rock  just  south  of  this  has  something  to  do  with  it. 

5.      OGISHKE  MUKCIE   I.AKK. 

Going  south  from  the  lake  through  sees.  26  and  35,  the  first 
rock  passed  over  is  coiiglomera,te,  comparatively  even  bedded 
and  undisturl>ed.  Then  the  bedding  begins  to  be  broken  and 
the  strike  and  dip  change  very  noticeably.  Sometimes 
the  strike  and  schistose  structure  are  both  N".  50°  E.,  and  dip 
south;  sometimes  the  bedding  trends  from  N.  W.  to  S.  E.,   the 
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schistose  stmctare  is  K.  E.  and  S.  W.,  and  the  dip  is  wefit. 
The  pebbles  too  become  smaller  and  the  rook  is  more  metamor- 
phosed. Frequently  it  is  porodyte  and  just  as  often  it  is  the 
fine  siliceous  slate,  such  as  was  seen  at  Knife  lake.  As  soon 
aa  the  higher  hills  in  sec.  35  are  reached  this  is  all  changed. 
So  strike  or  dip  or  other  evidences  of  sedimentary  structure 
can  be  seen.  It  is  a  maesire  crystalliQe  rock  rising  350  feet 
above  the  lake.    See.  Ko.  73(H). 

The  point  crossed  by  the  south  line  of  sec.  23,  <i5-6,  is  com- 
posed of  the  stratified  quartzyte  and  conglomerate  formation. 
The  beds  are  parallel  and  distinct.  Dip  is  south  85°.  Strike  is 
S.  60°  £.  Some  of  the  beds  are  not  very  siliceous,  but  appear 
to  be  argillyte;  while  others  are  coarse  and  semi-crystalline  and 
contain  small  pebbles  of  quartz  and  jasper. 

In  the  S.  E.  i  of  the  8.  E.  1  of  see.  23,  65-6,  the  rock  is  green- 
ish and  massive  with  basaltic  structure  and  the  general  appear- 
ance of  an  igneous  rock.  It  sometimes  assumes  a  reddish  «r 
pinkish  tinge  and  looks  almost  like  syenite.  Further  up  the 
hill,  however,  in  the  same  hard  massive  rock  are  discovered 
boulders.  Of  course  they  are  considerably  changed  from  their 
original  condition;  but  there  they  are,  some  as  large  as  six 
inches  in  diameter.    No.  74  (H)  is  a  sample  of  this  rock. 

6.      LIST  OF  8PECIMBNB,   COU-EOTED  BY  H.   V.   WINCHELL, 
■    ■      DUEING  THE  SUMMEB  OF  1886. 

TSo.  1  (H).  From  the  point  in  S.  £.  i  sec.  20,  62-15.  A  com- 
pact semi -metamorphosed  rock  containing  rounded  grains  of 
quartz  scattered  all  through  it. 

Xo.  2  (H).  From  the  island  in  the  month  of  Stnntz  bay,  sec. 
21,  62-15.  A  gray  felsyte  with  an  indistinct  schistose  structure 
and  also  a  basaltic  appearance. 

No.  2  A  (H).  Pebbles  of  a  soft  greenish  rock,  perhaps  a  fine- 
grained sericite  schlfA,  which  were  contained  in  \o.  2  (H). 

No.  2  B  (H).  Prom  Ely  island,  S.  E.  i  sec.  17,  62-15.  Peb- 
bles of  quartzyte,  jasper,  etc.,  from  the  felsitic  conglomerate  No. 
2CH). 

No.  3  (H).  Ely  island,  N.  E.  i  sec  15,  62-16.  A  sericitic 
schist,  varying  in  coarseness  from  a  rock  like  No.  1  (H)  to  slate. 
It  seems  to  grade  into  the  felsitic  conglomerate. 

No.  4  (H).  From  the  island  crossed  by  the  line  between  sees. 
15  and  16,  62-16.  Gray  sericitic  schist;  hard,  tough,  compact 
and  contains  pyrite. 
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No.  5  (H).  Prom  the  N.  W.  corner  of  sec.  17,  62-16.  A 
green  homogeDeooB  schist,  moderately  firm  and  compact.  Has 
basaltic  structare  in  placee. 

No.  6  (H).  North  side  of  the  bay  in  the  S.  E.  1  see.  7,  62-16. 
Massive  syenite,  grayish  red  to  greenish.  In  bold  crags  15  feet 
above  the  lake. 

No.  7  (H).  From  a  point  in  S.  E.  t  sec  8,  62-16.  A  fine- 
grained, evenly-bedded  siliceoas  schist.  -  'Would  make  good 
whetstones. 

No.  8  (H).  Same  locality  as  last.  It  ia  a  fine  conglomerate(t). 
The  pebbles  are  fel^pathic  and  qnartzose.  Color  varies  from 
reddish  to  greenish.    The  matrix  is  like  sericitic  schist 

No.  9  (H).  From  N.  E.  I  sec.  9, 62-16.  Samples  from  a  dike- 
like  bed  which  appears  to  cat  the  sericitic  schist,  and  even  seems 
in  one  place  to  have  thrown  it  over  from  a  vertical  to  a  hori- 
zontal position;  bat  in  another  place  has  an  indisttact  strnctnre 
of  sedimentaton. 

No.  10  (H).  West  side  of  point  in  sec.  9,  62-16.  From  dikes 
of  rock  similar  to  No.  2  (H),  which  cat  the  sericitic  schist  or 
stand  in  beds  nnoonformable  with  it.  Does  not  contain  pebbles 
as  did  No.  2  (H). 

No.  11  (H).  S.  R  1  sec.  5,  62-16.  A  tongh,  grayish-green 
rock,  containing  mica  and  pyrite  with  qoartz-veins.  Has  alao 
nodnles  of  syenite  dispersed  through  it.  Dike  rnns  parallel  with 
the  bedding  which  is  east  and  west;  hot  the  schistose  stmcture 
is  N.  20"  E. 

No.  12  (H).  Coarse  chloritic  mica-sohist  from  the  S.  side  of 
an  island  in  S.  W.  1  sec  32,  63- 16.  It  apparently  grades  Into 
the  aerioitic  schist. 

No.  12  A  (H).  Dike-rock  mnning  east  and  west  through 
No.  12  (H).  It  is  porphyritic  and  the  crystals  of  feldspar 
are  harder  than  the  matrix  or  gronnd-mass  of  the  rock  whidi 
is  schistose.  This  rock  resembles  No.  8  (H),  the  so-called  con- 
glomerate.   The  dikes  are  six  inches  to  two  feet  in  ttiickneas. 

No,  12  B  (H).  Green  schist  lying  on  the  north  side  of  the 
dikes  which  fnrnished  No.  12  A  (H). 

No.  13(H),  Fine-grained  characteristic  mica-Bchist  from  S.W.  I 
»ec  31,  63-16.  This  schist  rises  30-40  feet  above  the  lake  In 
hills  running  N.  26°  E.  It  contains  nnmerons  short  veins  of 
quartz. 

No,  13  A  (H)  is  pink  syenite  from  dikes  or  beds  in  the  mioa- 
schist  last  mentioned.    The  dikes  have  a  general  east  sad  west 
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direction,  and  vary  in  color  from  white  to  very  dark  and  from 
two  to  eight  feet  In  thickness. 

So.  13  B  (H)  is  from  green  trap  dikee  which  ran  in  all  direc- 
tions through  the  schist  at  this  same  place. 

No.  13  C  (H).  A  firm,  non-schistose  grade  of  No.  13  B  (H). 
It  is  fine,  compact,  and  of  a  grayish-green  color.  It  cofitains 
the  constitnents  of  gi-anite. 

No.  14  (H).  A  heavy,fine-grained  schist  from  8.  W.  i  sec  6, 
62-16.  Contains  some  feldspar,  macb  pyrite  and  little  mioa. 
Some  strata  seen  to  contain  hematite. 

No.  .15  (H).  Near  the  township  line  in  N.  W.  i  see.  7,  62-16. 
A  heavy,  massive,  greenish-black  dloryte  (T);  probably  a  dike. 
It  forms  an  outcrop  of  100  feet  or  more. 

No.  16  (H).  On  the  south  side  of  this  dike  is  a  bed  of 
porphyritic  syenite.  It  rises  in  a  bold  knob  20  feet  above  the 
lake.  Perfect  cryst^  of  feldspar,  half  an  inch  long,  stand  oat 
all  over  the  weathered  sorfooe  of  the  rock  and  can  be  pick^ 
out  with  little  trouble. 

No.  17  (H).  A  greenish  ailiceoos  schist  with  iaint  bedding 
and  basaltic  stmctnre  from  the  point  in  the  S.  W.  1  of  S.  E.  i 
sec.  1,  62-17,  mnch  like  No.  11  fH). 

No.  18  (H).  From  a  small  island  in  S.  E.  t  of  N.  E.  i  sec  11, 
62-17.  A  hard  greenish  rock  with  no  apparent  bedding;  but 
with  a  schistose  structure  mnning  E.  10°  9. 

No.  19  (H).  From  a  ridge  of  hard  pinkish-green  dioryte,  or 
syenite,  rising  ap  ont  of  the  mica-schist  in  sec  3,  62-17.  It  is 
very  tough  and  massive  and  makes  hills  90  feet  above  the  laka 
There  are  alternate  beds,  or  ridges,  of  this  rock  and  mioa-sdiist 
along  the  shore  in  sec.  3  for  a  considerable  distance.  The  general 
direction  is  the  same  as  the  schistose  structure  of  the  schist, 
viz.:N.  60°  E. 

No.  19  A  (H).  From  dike  of  red  syenite  catting  |the  last  in 
N.  E.  I  of  N.  E.  4  sec.  3,  62-17.    Direction  of  dike  is  E.  and  W. 

No.  20  (H).  A  pink  rock  that  appears  to  be  almost  wholly 
feldspar.  It  is  partially  decomposed  and  has  a  schistose  stmo- 
ture,  and  grades  by  imperceptible  degrees  into  the  green  hydro- 
mica  schist.  It  is  foand  on  the  soath  side  of  a  smtdl  island  in 
the  centre  of  sec  2,  62-17. 

Xonj  lake. 

No.  21  (H).     Hydromica  schist  from'the  first  rapids  enoonu- 
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tered  going  up  the  river  from  Fall  lake  to  Long  Isike.  Sec.  24. 
63-12.     It  is  very  schistose  and  is  a  fioe,  soft  rock;  like  slate. 

So.  22  (H).  Greenish,  schistose  rock  from  the  top  of  Snoset 
peak,  half  a  mile  north  of  the  east  end  of  Long  lake,  62-12. 
There  are  three  specimens  representing  the  different  aspects  of 
the  rock. 

So.  23  (H).  Specimens  of  the  rock  from  the  veins  or  twisted 
beds  which  are  found  running  all  through  the  hill-tops  in  the 
same  peak. 

Nos.  24  (H),  25  (H),  26  (H),  27  (H)  and  28  (H)  »re  specimens 
taken  in  that  order  from  the  different  hill-rauges  crossed  in 
going  north  through  sec  15,  63-12.  They  exhibit  the  tendency 
of  the  rock  to  become  more  crystalline  in  structure. 

No.  29(H).  Pour  specimens  of  petrosilex  from  the  beds  in  the 
rock  within  half  a  mile  north  of  the  east  end  of  Long  lake. 
They  seem  to  be  imperfect  crytals. 

Bassteood  lake. 

No.  30  (H).  Near  the  S.  quarter-poet  of  sec  15,  64-11,  from  a 
blntf  of  greenish,  micaceous  schist  varying  in  hardness,  some 
being  almost  like  fine  dioryte. 

NOB.31CH),  31  A  (U.)  and  31 B  (H)  are  from  the  N.  E.  i  of  sec. 
15,  64-11.  showing  changes  from  a  fine  micaceous  schist  to  a  hard 
compact  rock  with  no  apparent  stniotnre  of  auy  kind.  The 
schist  contains  porphyhtic  nodules  of  feldspar  and  occasioually 
of  quartz. 

No.  32.  (H).  Same  locality  as  last,  a  little  farther  to  the  N. 
E.  It  is  a  hard  condition  of  the  schist  showing  the  schistose 
nature  by  the  arrangement  of  the  constituent  minerals  in  r^n- 
lar  lines  or  bands. 

No.  33  (H).  A  little  further  to  the  N.  E.  More  coarsely 
crystalline  rock  and  more  feldspatbic,  oontaining  irreg&hu- 
patches  of  dioryte. 

No.  34  (H).  A  greenish  felsitic  rook,  met  with  jnst  before 
eoming  to  the  interstratified  mica-schist  and  syenite  in  the  mid- 
dle of  sec  11,  64-11. 

No.  36  (H).  A  piece  of  the  syenite  which  is  interstratified 
with  mica-schist  in  the  same  locality  as  last. 

No.  36  (H).  Pink  gneiss  from  N.  E.  i  of  sec  11,  64-11.  It 
dips  sontli  at  an  angle  of  15°.     It  is  10  rods  across. 

No.  37  (H)  is  coarse  syenite-gneiss,  standing  nearly  vertical 
at  the  east  end  of  last. 
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Nos.  38  (H),  38  A  (H),  and  38  B  (H)  are  intermediate  grades 
of  rock  between  ayenite  and  mioa-scbist.  From  tbe  point  in  S. 
E.  i  of  sec.  2,  64-11. 

No.  39  (H).  Sample  of  the  felsitic  rock  on  the  K.  E.  side  of 
same  point. 

So.  40  (H)  is  a  specimen  of  the  hornblende-schist  which  runs 
through  the  syenite  is  vertical  beds  of  a  fefr  inches  to  five  feet  in 
thickjiees;  a  little  further  east  than  the  last. 

No.  41  (H).  Sample  of  schist  inclosed  in  gneiss  with  the 
hornblende  of  the  schist  changing  to  nuca.  X.  W.  i  sec  6, 
64-10. 

No.  42  (H).     Dark  homblendio  gneiss  ^m  the  same  locality. 

No.  43  (H^.  Gneiss  that  appears  on  the  snsrfoce  like  a  hard 
sandstone  or  stratified  quartzyte.     From  N.  W.  comer  64*10. 

No.  44  (H).  Hornblendic  gneiss  from  W.  side  of  the  point 
in  6.  }  ser-  36,  65-11.  Shows  hornblende  and  mica  in  a  state  of 
confused  mixture.  ^ 

No.  45  (H).  Samples  of  schist  interstratified  with  gneiss 
from  S.  W.  1  sec.  2,  64-11. 

No.  46  (H).  Coarse  gneiss,  from  N.  E.  i  sec.  10,  64-11.  It  is 
interstratified  with  mica-schiat  and  cut  bysyenite  dikes. 

No.  47  (H).  Syenite-gneiss,  very  fine,  containing  much  horn- 
blende.   N.  E.  t  sec.  S,  64-11. 

No.  48  (H).  Homblende-scbist,  containing  mica.  From  same 
locality. 

No.  49.  (H).  Where  the  east  line  of  sec.  4  enters  the  bay,  is 
obtained  a  sample  of  mica  and  hornblende-schist  inclosing  a  thiu 
bed  of  grannlyte. 

No.  50  (H).  Gneiss  which  is  interstratified  with  mica-schist, 
on  the  north  side  of.  the  point  in  sec.  3,  64-11. 

No.  51  (H.)    Sample  of  the  mica-schist  fhim  the  same  place. 

No.  52  (H).  Gneiss;  which  is  cut  by  dikes  or  beds  of  grann- 
lyte in  the  N.  E.  t  sec.  3, 64-10.     Gneiss  occurs  in  very  thin  beds. 

No.  53  (H).    Granalyte  or  dike  rock  which  cuts  the  last. 

No.  54  (H).  Dioryte;  onesample  fine,  two  very  coarse.  From 
W.  side  sec  3,  64-10. 

No.  55  (H).  Schist  from  same  locality  as  last.  This  appears 
to  be  interstratified  with  last. 

No.  56  (H).  Is  the  gneiss  that  occurs,  interbedded  with  the 
schist.    Same  place  as  last. 

Nos.  57  CH),  57  A  (H),  57  B  (H),  67  C  (H)  and  67  D  (H)  show 
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a  transition  from  schist  to  syenite-gneiss  by  a  gradnal  change  in 
the  character  of  the  minentls  vhich  compose  the  rocks. 

No.  58  (H).  Porphyritie  syenite-gneiss.  Prom  "W.  side  of 
the  port^i^  in  sec.  5,  64-10. 

No.  59  (H).  Micaceous  dioryte  from  the  W.  side  of  sec.  5, 
64-10. 

No.  60  (H).  SUiceons  green  rock  resembling  diabase,  8.  E.  i 
sec.  6,  64-10. 

No.  61  (H)  is  a  coarser  crystalline  rock  from  the  same  place. 
It  lies  just  north  of  No.  60  (H). 

Ko.  62  (H).  Mica-schist  intermediate  between  schist  and 
gneiss,  with  the  mica  and  feldspar  arranged  in  layers.  8.  E.  )  of 
N.  W.  iofsec  16,  64-10. 

No.  63(H).  From  a  locality  in  Canada  on  Pseado-meeserlake. 
One  sample  is  an  ai^llitio  slate  and  one  is  a  semi- crystalline, 
somewhat  siliceons  rock,  ootttaiaing  mnch  pyrite  in  cnbes. 

No.  64  (H).  is  a  quartz  porphyry  containing  grannlar  nodnles 
of  glassy  quartz  and  lamps  or  grains  of  an  opaqne  white  min- 
eral. 

Nob.  64  A  (H),  64  B  (H),  64  C  (H),  and  64  D  (H)  are  finer 
and  finer  grades  of  the  last  number,  becoming  finally  a  light 
greenish  rock,  like  felsyte.  These  spedmens  are  from  an  island 
in  a  small  bay  on  the  soath  ^de  of  Pseado-meeser  lake. 

No.  65  (H)  is  a  specimen  showing  the  transition  from  the 
quartzyte  to  the  stratified  siliceous  ai^llyte.  From  same  place 
as  last. 

No.  66  (H).  Argillaceous  slate  of  a  dark  color,  from  the  cen- 
tre of  see.  31,  65-7,  Knife  lake. 

No.  67  (H).  Is  an  average  specimen  of  the  flinty  slate  from 
which  the  lake  takes  ite  name  (Knife  lake).  It  is  hard,  fine- 
grained, and  of  a  bloish-black  color. 

No.  68  (H).  A  specimen  of  the  fiinty  slate  showing  how 
wbit«  it  becomes  on  weathered  surfaces.  From  S.  W.  k  see.  23, 
65-7. 

No.  69  (H).  Grayish-green  basaltic  rock  which  forms  the 
high  blnfi"in  N.  W.  i  of  8.  W.  i  sec.  24,  65-7.  Contains  much 
marcaBite(f)  and  is  the  "goldrock"  which  caused  so  much  excite- 
ment iu  that  region  a  few  years  ago. 

No.  70  (H)  is  a  semi-crystalline  rock  which  seems  to  be  com- 
posed of  chlorite,  sericite  and  vitreous  quartz.  It  is  from  N.W.  I 
of  S.  E.  1  sec.  24,  65-7. 

Nos.  71  (H),  71  A  (H),  and  71  B  (H)  show  the  change  from  a 
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flinty  slate  to  a  conglomerate,  containing  pebbles  an  inch  long. 
8.  E.  1  sec  24,  65-7. 

No.  72  (H).  Finely  crystalline greenetonecontaiBingvitireoaB 
quartz.     From  If .  W.  i  of  8.  B.  i  sec.  20,  65-6. 

Offishie  Muncie  lake. 

Ifo.  73  (H).  Oabbro  (t).  From  sec  35,  65-6,  in  Itills  350  feet 
high.  S.  of  the  lake. 

No.  74  (H).  Greenstone  resembling  trap.  3.  E.  i  of  S.  E.  i 
of  sec.  23,  65-6,  near  the  top  of  the  hills  sooth  of  Ogishke  Mande 
lake. 
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CHEMISTRY. 

BEPOBT  OF  PROF.  J.  A.  DODGE. 


MiNNBAPOLiH,  May  16,  1887. 

Prof.  S.  S.  Wiiiehell, 

Deab  8ib:  I  hereby  report  to  yon  tfie  results  of  the  chemical 
analyses  made  at  this  laboratory,  for  the  State  Geological  Sur- 
vey, since  my  report  of  May  iJ7,  1886. 


ChcmlalHiii 


No.  180. 


No.  IS!. 


Silica,  SiO, 50.86  per  cent  61.  U9  per  cent.  51.82  per  cent  50.41  percent 


Alamioft,  A1,0,... 15.73 
Vi^amh*am,1t,it.  8.77 

rnlH>dt«rni,r<0 S.48 

Lime,  CaO 10.52 

Magneeiai,  MgO....  3.55 

Soda,  Na.O- 3.88 

PotMb,  KjO 80 

Water,  E.\0. 3.53 

100.22 


13.40 
9.96 
9.94 
7.84 
1.73 
2.47 
1.79 


88.16 


Chcm.  Kri«  No.  IM. 

Silica,  SiO,_ 49.65  per  cent 

Alumina,  A1,0, 16.36       " 

SeeqaiDxideofiron,Fe,Ot     4.39      " 
Protoxide  of  iron,  FeO...      7.19       " 

Lime,  CaO. 9.18      " 

Hognena,  MgO ROD      " 

Soda,  Na,0_ 2.49      " 

Potash,  K,0. 1.17       " 

Water,  H,0 2.39    "  " 

100.B2 


57.08  per  cent 

53.43  per  » 

17.28       " 

13.81       " 

4.88       " 

5.06       " 

a42       " 

9.86       " 

6.29       " 

8.26       " 

3.65       " 

4.64       " 

3.97       " 

2.51       " 

3.64       " 

1.12       " 
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Chnu.  ferie*  No.  IM.  So.  187. 

Silica,  SiO^ 61.19  pet  cent.  '  59.77  per  cent. 

Alumina,  A1,0, 1.').22       "  13.12       " 

Seeqnioiideof  iroD,  Fe,0,  3.'20       '■  5.46       " 

Frotoilde  of  iron,  FeO 3.65       "  6.87       " 

-Lime,  CaO 7.94       "  5.99       " 

Maguuia,   MgO. 2.38       "  4.93       " 

Soda,  Nb,0 ai7 

Potaah,  K,0 2.62 

TVater,  H,0 40 

99.  S7  100.35 

The  nine  analysee  above  reported  are  aDalyses  of  crystalline 
rocks.  The  analyses  were  made  during  the  past  winter  by  J.  A. 
Dodge  and  C.  F.  Sidener. 


SiUca,  SiO, _ 65.17  per  ceDt. 

Magnetic  oxide  of  iron,  Fe,0, 90.06         " 

Protoxide  of  iron,  FeO 2.23         " 

Dioxide  of  titaninm,  TiO,...» 2.48        " 

Lime,  CaO tniMS 

MagneaiB,  MgO traces 

Alnmina,  AljO, treces 

W.94 

Total  iron,  Fe 23.50 


Metallic  iron 54.1    percent         51,30  per  cent. 

Titanln'm none  none 

Chrominm none  none 

The  foar  analyses,  188,  189,  190,  191,  are  analyses  of  magnetic 
iron  ores.  They  were  made  in  April  of  this  year  by  J.*A.  Dodge 
and  C.  F.  Sidener. 

Cbeni.  kHh  No.  IVL  No.  I8>. 

Silica,  SiOj 53.25  per  cent.  42.10  per  cent. 

Alnmino,  A1,0, 21.13       "  15.12      " 

Seaqmosideofiron.  FcjO, 8.8S      "  5.14      " 

Carbonate  of  lime,  CaCoj 2.42       "  17.80      " 

Catboiiate  of  magnesia,  MgCo, 3.78       "  5.53      " 

Soda  and  potash : tracen  traces 

Water,  H,0 11.59       "  14.00       " 

99.05  99.69 

The  two  analyses,  192  and  193,  are  analyses  of  clays,  by  C.  F. 
Sidener.  Tonrs  very  respectfully, 

James  A.  Dodge,  Frof.  ChemMry. 
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RAILROAD   ELEVATIONS. 

PREPARED   BY  N.   H.   WINCHELL. 


SSKAP0LI8  4  MANITOBA  KAILWAY. 


_^-__ 

12.05 
17.16 

PMttbora 

thaSu. 

23.76 

34.03 
36.a« 
36.17 
47.43 
55.63 

Silver  creek,  1^  mUee  north  of  statton,  bottom  965,  water 

Clear  Water  riier,  bottom  936,  water  042 

high  water  of 

63.34 

69.33 

""ii'.'H' 

1018 
1016 

Three  Mile  creek  (9.  of  St  ciond),  biittom 

992,  water  996. 

St.  Joaeph 

82.12 
84.91 
BO. 30 

1092 

10»9 

103.62 

Melrose 

106.86 

116.89 
124.65 

West  Union 

1342 
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*  MAKITOBA  KAILWAY. —  Omitiinied. 


HIlMrnM 
8(.Paal. 

tteSM. 

130. SO 
136.18 
141.68 
148.37 
164.05 

IBB. 21 
166.07 

Aldrich  lake,  bottom  1361_ 

1374 

1237 

ise.32 

175.84 

17B.35 
184.43 
188.81 
IBS. 26 
a03.85 
208.67 
218.43 
iJ25.79 

241 !b1 
248.44 
2M.8B 
286.22 
275.00 
278.73 
282.08 

£E:::;::;::::;::;::::;r::":::;::z::::::::::::::r:: 

1386 
1368 

Sand  Uke,  water  IIM 

119S 

387.90 
283.35 
288,00 
2S9.3S 
305.82 
313.23 
321.12 
328.90 
338.60 
348.11 
356.58 
361.46 
370.50 
376.18 
363.00 
390.25 
391.07 

Crookaton  (river  842) _ 

Shirley                        

868.40 

iS;:;::::;:::::::::::::::::::::::::::;:::;::::::::::::::::::::::. 

Stephen,  bottom  of  TamatackriTBT,  818. 

838.  «l 

^                   Brmm'M  ValUg  Brandt. 

UUafMm 

tluSM. 
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^  MIKHEAPOLU  A  MANITOBA  BAIL  WAT.— OinriMHfrf. 

SL  OoHd  <f  Hiaeklei/  Brmih. 


UOafnm 
».  Paul. 

the  fin. 

JVoM  fVi^M  Folk  to  PAiea*  Bapidt. 


HllMfMu 

FMtkboT* 

•Jnnctioft 

1174 

3l«.42 

PeUcsn  liTer,  3  milee  S 
1287]     ,.  . 

ftoro 

Pelican  Rapids. 

[Bottom 

206.40 

From  Shirley  to  St.  HOaire. 


at-FuL 

Fftltban 

306.82 
314.43 
327.29 

St   Hfilrire                                                ■"■;: 

Black  river,  3.4  milu  N.  £.  of  IveB,  n-a 

WiaCONSIM  CENTRAL  BAILBOAD. 
Bs  F.  W.  Fratl. 


St.    Croii   river,   bottom   705,   low  water  7]  5,  i  I 

hi^  water... 0     I         728 

Highway 1.8  «58 
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wrsCONSIN  CBMTKAL  RAILBOAD. — Oomliniifd. 


ill-ct 

8urh». 

Gimd« 

Ar™la.._ 

■:::::::::::::i    V 

020 
896 
912 
«91 
»51 
1035 
1065 
1015 
975 
1034 

SIT 

CaraelUn  lake,  water 

•■• !    'A 

m 

Crossing k  P.  AD,  B.  B 

Summit,  See.  28,  30-21  W 

11 

13.3 

ion 

10T4 

Long  lake,  water. 

...1       15.3 

9W 

Jdfiction  St.  P.  &D.  R.  R 

20.4 

938 

KORTHRBN  PACIPIC  BAUAOAIl. 


*8u"p£^ 

FcFtaboTt 

.? 

18 
35 
29 
36 
41 
45 
50 
67 
64 
71 
76 

n 

83 
90 
97 
103 
107 
112 
116 
121 
126 
130 
138 

ItMka ., 

891 

146 
148 
151 
156 
160 
166 
170 

Baulr.:.;.;.' : 

Stoplee  Milli- 

Dower  Lake 

1290 
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NOBIHSBM  PACIFIC  EAILKOAD.  — CtonWlMKd 


T-pST 

ij.'a:" 

174 
17B 
185 
187 
190 
193 
187 
203 
209 
214 
220 
225 
230 
237 
242 
348 
254 
256 
267 
269 
275 

SiS'": : 

Glyndon _ „ 

924 

5ffi;r:::::v:;::r;3::v:;;::::::::v:::r;:;:. 

903 

LOae  Fall*  <6  Dakota  Din, 


ass:. 

the  an. 

0 

7 

11 

26 

29 
31 

Summit,  2i  miles  east  of  Grey  Eaifle - 

1223 

Bpanlding .     . 

37 

48 
53 

Glenwood 

00 

1402 

Hinnewaska  lake _ 

_ 

iiai 

„Googlc 


FIFTEENTH  ANNUAL  REPOST 
LUlU  Fall*  i  Dakola  ZKoMon.  — OmKiHtMl. 


StorbDcb. ... 

Little  Chippewa  (iv«r,  low  water 

Summit,  S  miles  W.  of  Little  Cbip|>ewB ... 

Big  Chippewa  riTei,  low  wat«r 

CjTIlB. 

Summit,  2)  miles  W.  of  Cynu 

Pommede  TeireriTer. 

Hoirie  depot 


1160 
1160 
lifts 
1130 
1150 
1300 
1087 
1129 


Fargut  FaOi  <C  Block  HUlt  DvHtiom. 


BTOMOom 
Wadenfc 

^ffiSr- 

0 
1 
10 
U 
18 
34 
29 
33 
3» 
43 

Paricton 

1304 
143T 

138» 

Tining 

Red  river,  fint  cronuig  I23I 
FergoB  FftllB,  low  water  of  ri 

53' 

69 

eo 

6& 
77 

1085 

78 

MllM  from    Fnt  mbora 


Cheqnunqpa  bay,  lake  SQperior.... 

AablMid 

Omaha  Junction 

Hoqnati 

Iron  river. 
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Witcoatin  Pinafoa — OoiUumed. 


SiSs 

Ffmtibore 

MiSlMldZ. - 

fl39 

64 

76 
79 
87.5 

Walbridge                                          

608 

Daluth  and  Braaterd  Liiie. 


-^ur 

;F«t*l>oTa 

the  Sea. 

0 
23 
28 
33 
39 
46 
51 
57 
66 
75 
87 
92 
97 
106 
114 

iw«i'  vvz:  z:::::::  z:::z:z:::::::::zz"'':::: 

Aitten 

ST.   PAUL  A 


7A0IFI0  BAILBOAD. 


Miles  Inm    F«et  ttmn 


Small  inm  bridge,  near  FVimth  atreet,  St  Pant... 

Eairt  Seventh  street. 

Trout  brook,  wftter737.64 , 

Westminster  street -, 

Croesing  Manitoba  R.  R 

CroMingSt.  P.,  M.  &0.  Ey _., 

55 


716.89 
,  726.64 
747.64 
753.64 
757.64 
'■    762.14 


.vGoogIc 


FIFTEENTH  ANNUAl,  BEPOST 
I.  Pma  <&  Northern  Pacific  Sailroad—  Qmtinutd. 


Utlurrom 
BtPuL 

•ss- 

1.4 
1.6 
3.1 
2.4 

3.5 
3.6 
4.3 
4.6 
4.7 
5.2 
6.« 
6.S 
6.4 
6.5 
6.8 
7.3 
7.6 
7.7 
7.9 
.    8.4 
8.6 
9.2 
9.4 

Track  to  Fair  grotmdB - 

Weetwood  avenue  (flU  13  feet) 

Section  line  between  2S  and  28.  on  Rich  avenue 

Bajmond  Bvenae „ 

909.64 
899.64 
896.64 
902.64 

Mary  street  (edge  of  Wnffl) _ 

856.64 

Church  itreet 

815.64 
822.64 

9-6 

The  ground  on  which  the  Univeraity  frtauda  at  the  place 

TopofthelimeBtoneledgeat  the  htidge,  east  Bide  789.64 

10 

Nineteenth  avenue  8 „ 

812.64 

■"io'i  ■" 

11.4 
11.4 

Fourth  avenue  N.  (street  at  4th.  avenueN.  846.84),  ffrBda. 

11.9 

625.64 

„Googlc 


STATE  GEOLOGIST. 
Line  B  {Tkrmigh  Ebemovn). 


MU«(Mm 
SLPhL 

tuBtmbore 
lbs  Sea. 

BajIeHS  avenue  in  St  Anthony  PmK _ 

9.3 
8.7 

Division  Htreet - 

8S6.64 

10.7 

848.64 

ii.3 

11.6 

11.8 
13.2 

OHJCAOO,  MILWAUKEE  A  «t.  FAUI,  BAILWAT. 

SKlS^ 

F«t>bOT> 

1.8 
2.3 
3 
3.3 

!:! 

4.8 
5.3 
5.8 

e.» 

a 

S.4 
8.8 
8.9 
9 
10.1 
11.1 
IS 
12.6 
13 
U.S 
15.3 
15.7 
18.3 
30.1 
31.6 
31.8 
22.5 
33.5 

869 
864 
866 
876 
878 
879 
860 
876 
885 
918 
900 
912 
911 
911 
922 
900 
910 
909 
922 
898 
001 
921 
967 
914 
933 
929 
938 
IMI2 

Cut  of  18  feet „ 

Baas  lake  (water  879.66) - 

66 
66 

Minnehaha  creek _ 

«6 

Sammit - 

m 
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FIFTEENTH  ANKUAI.  BEPOBT 


CRICAOO,  UILWAUKEE  A  8T.  PAUL  BAILWAY.— CJwt/iHned. 


Uila  traoi  i  Feet  abon 


Fill  (natnna  Bortoce  982.66). 

Aagoata 

lAkeftvenne „ 

Carver  creek  (water  913.66) . 


I  946.66 
I  932.66 
,  943.ee 


Stillwater  [on  trestle  work) 

Stillwater,  extreme  high  water  of  lake. 
Btitlwfttei,  water  Jnlj  10,  1S81 
Bajtown  (or  S.  Stillwater), 

Lakeland 

Afton 

Trout  brook  (water,  lake  level) 

Straight  Cooley 

Point  Doaglas 

JUQctioD  with  Kiver  DiviaLon.. 


Short  LinffntmSI.  Patd  la 


ChMtnat  street,  8t  Panl_ _ 

Fort  street- 

Grace  streets 

St.  Clair  street - 

Big  cot,  natural  aarfiice 929,66,  centre. 

Under  Sammit  avenne 

Snmmit  (Suelling  avenae) 

Herriam  Park 

Ford's  Nureery ', 

Hennepin  county  line 

Top  of  TOck  blnff,  esBtbank. , 

Miaiffisippt  river.  hi|i;h  water  726.86,  low  water.. 

Bridge  over  the  rivet 

Minnehaha  aveunt 

Short  Line  Jnnction 

Depot  (Washington  avenne) 


938.66 
909.66 
S74.es 
849.66 
800.66 
,  710.66 
844.66 
843.66 
843.66 


ciizuj.,  Google 


STATE  OBOLOQIST. 
CHIOAQO,  BUBLINaTaN  *  HOBTHKBH  RAILBOAD. 


Pig's  Eye  bridge 

Newport 

Altenberg  Cooley , 

Hasting  blnffcroMiug  (Pt  Donglaa)... 

Point  Douglas,  highway  crossing.... 

St  CroiK  riTer,  bottom  652 


BT.  PAl'L  A  DULDTH  B 

Bnmehfiem  WyowUng  to  Ibylor'i  FaUs. 


Wyoniiog 

Jonction  near  Wyoming,  abont  1-6  of  a  mile  sontb  from 

the  depot 

Sommit,  natoral  sni&ce  909,  gtnde 

Summit,  natoral  eorfiice  and  grade 

Chiaa^  CSty 

TiestJe  biidge  over  Chisago  lake,  water  896,  grade 

LiodBtiom 

Snmmit,  nataral  snr&ce  and  grade 

Chisago  lake,  water  896,  gcade 

Centre  Cit7 

Bridge  at  Centre  City,  bottom  861.6,  grade 

Sommit,  natoial  snrEJwje  950,  grade 

Siding 

Fronconia 

lAwrence  creek,  bottom  857,  water  861,  grade 

Fiist  aandrock  cut, 

Trap-rock  cnt,  top  of  rock  823,  grade 

Ti^lor'a  Falls,  passenger  depot 

Taylor's  Falls,  freight  depot  and  yard 


42.6 

45.8 

46.3 

47.8 

48.9 

49.1 

49.9 

Branch  JVon  Both  (Xty  to  GrantAargh,  Wit. 


UllMft-om 

FMObora 

Junction  near  Rush  City,  abont  1-5  of  a  mile  sonth  from 

53.« 
66.3 
58.6 
69.1 
70.2 

hGoogIc 


FIFTBESTH  ANNDAL  BEPOBT 
Ktdft  FaUt  BranfA. 


"Sffl-'iEsr' 

Rwn  WkiUB«iTb> 


SUtlDDl. 

thtSta. 

0 

7S 
IM 
155 
340 
410 
502 
530 
617 
660 

eso 

CHtCAOO,  ST.  PAUL,  MINNEAPOLIS  A  OHAKA  B 
M.  Johwon,  CStief  Eitgatter. 
Blue  Earth  Bmitek. 


Lake  Cnetul 

GMdenCity 

Venion  Centre 

Winnelmgo  City 

CrosBiug  of  tills  C,  M.  &  St  P.  Ry.  a 

Blue  Earth  City ■' 

ElmoT« 


1048 
1101 
1109 
1068 
1131 
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STATE  GEOLOaiST.  439 

CHICAOO,  8T.  PAt'L,  lUNKKAPOLie  A  OUAHA  BAU.WAy.— ftrnTmuw/. 
Battem  Divimon. 

'  Feetilnve 


St.  P»n1,  east  end  of  Union  Depot  sbeda... 

UiaaiaHippi  liTer 

St.  Paul  Jtinctkon  with  St.  P.,  M.  &H.(iie 


tPaui)!!!! 


Sapfrior  JuntUtm  to  Dalmih. 


Superior  Janction 

Nnnekagon  rivei,  water 

Lake  Side 

Gonion  (St.  Croii  river,  1017)...., 

White  Birch 

Three  miles  N.  of  White  Birch... 

Hawttiome 

.  Donglas 

SaperioT  Short  Line  Jnnctiou 

Superior  Junction  witli  N.  P. 

Superior,  depot 

West  Superior 

Rice's  Point,  Dnluth 

St^  LoniB  bsj,  water 


1135 
1240 
1150 


Weidera  Pieigioa, 


St.  Pfml , ' 706 

liUssiseippi  river,  low  water. 688 

Mendota,  depot  (C,  M.  &  St.  P.  Ky.)  727 722 

Nicols ; 782 
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FIFTEENTH  ANNUAL  EEPOET 

»,  ST.  PAUL,  MINMEAPOUS  «  OHAHA  BAILWAY.- 

Waiem  Ditimo». — Omttntmf, 


Hamilton 

Slutkopee  depot. 

Shakopee,  croflsmg  (H.  &  D.  R;.)  at  grade 

Hemam  Jnnction,  cmaBing  (Minn.  &  St.  L.)  at  gcade. 

Jordan 

St.  Lawience 

Belle  Plaine - 

Blaheley _. 

£.  HenderaoD , 

IieSDenr 

Ottawa 

St.  Peter. 


SUmx  Falls  Braneh. 


Sioni  Falb  Janction 

Boshmoie 

Drake 

Laveme,  croaeing  at  grade,  B.,  C.  B.  &  N 

Lnvt^tne,  d«pot 

Lnverue,  jnnction 'with  Rock  River  Branch 

BoTer  creek 

ValW  Spring 

Brandon 

Bionx  Falls,  eroesing  at  grade  C,  M.  &  Bt.  P.,  1418... 

Hartford _ 

Ifontrose 

Salenii  depot 


1643 
1675 
16S8 
1038 
1482 
1457 
1471 
1471 
1463 
1411 
1330 
1414 
1580 
1480 
1537 


Jfpct  Rirtr  BrnncS. 


Liivenw !  1471 

Ashtreek 1415 

Hwk   KiiiiiiU ' 1464 

Dooii 130.-. 
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CKICAQO,  BT.  PAUL,  HJNNEAFOLIB  *  OKAHA  SAILWAY. —  OonHnMeH. 

Blaet  Hills  Bmneh. 


F«t>l»Te 

tbeSen. 

Lake  Wilson - 

1666.60 

3  A  ST.   LOVW  RAILWA- 
PtKifie  Divitioa. 
Froia  the  profiiei  bg  G.  Ifflinger. 


Hopklua 

MinDetooka  Mills. .'..'. 

Tamarack  maish,  bottom  880. 

Hotel  St.  Lottis 

Caisou's  bay,  water  998,  IS  fe«t  deep. 

Solbeig  point,  on  bridjES. 

Est-elsior 

Centennial  Hoobc 

31.5 

Harsh,  .inrfaoe  978 j  34-34.7 

Young  America. '       39.1 

H.  D.  crasoing 40,3 

Hamburg ,      43.6 

Career  and  Sible;  coonty  line I       46 


Qreeu  Isle.. 

ArliUKton 

Broncb  of  Rnsh  liver,  ontlet  of  Felton  lake,  wat«i  931 . 5. . 

Gaylord 

Winthrop 

Rnsh  river,  bottom  1022.5 

Gibbon 

Slblejand  Renville  oonnt^  line 

Hnd  creek,  bottom  1023 

IWrt'ax 

56 
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FIFTEENTH   ANNUAL  REPOBT 
EAPOLIB   ii   ST.  LOVI8   BAILWAY. — OMftHHed. 

Pne\)U  DiritioH.—Oonliiuied. 


. 


Three  Mile  cieek,  bottom  lOlo 

Fnuiklin 

Purgatory  ureeb,  bottom  966.5 

Johneon'B  credc,  bottom  941 

Thompson'i  creek,  bottom  871 

Cuapbell's  creek,  bottom  668 

Bircb  Coolrjr  erode,  bottom  837.6. 

Uorton 

Uinnesote  river,  bottom  P14 

Bottomland  of  Miuneeotfl  river..... 


90.2 

94.9 

iwB.a 

95.4 

987 

95.8 

983 

96.5 

938 

87 

913 

837 

100.4 

841 

lOO.ft 

840 

101.4 

827 

\VtS«ISRH   BAILWAY. 

E.  JohnMin,  Vlnff  Engineer. 


•ssr 

This  river  elevation  is  above  the  rapids  at  the  heMi  of 
the  falls. 

•  lAkc  Ukhlgu  Is  glTeu  tv  Ibe  U.  S.  Luke  Surrey  *i  BSS,  which  makn  Sleepr  >^e  vm. 
a*iiiwttii*a(<>[8lM(i]'EfeMMl(>a(C.AK.  W.  KT.)1030,uid  ftir  81«epj  Eye  vm.  The  IMUr 
Hr.  Upbun  has  u»d  In  flul  nport,  p.  A6I^ 

The  flgurm  glvsn  Bbora  by  Mr.  JohnWD  dlOrrbr  i  feet  fMm  lh«  ane  uti  S  feet  hwu  ibc  oiber. 

MINNEAPOLIS,  LYKDALE  is  MIXHEIOMKA  BAILWAY. 

JV««  (htpnjiln  in  the  affee  of  Geo.  W.  QMlry- 

I  HUM  ftom  !  Fnt  Bbav* 
iBrld(<StT.|    tbcSe*. 

Firstatreet,  Bridge  Miimre ,         .00         837.5 

Second  street. I !    838 

Cioesing  of  Wsahiugton  aveune | I    ^3 


j/Coot^lc 


STATE  GEOLOGIST. 
MIMNKAFOUB,  I.YSDALE  *  MINNErOKKA 


Ulkafrom    Feet  abnvg 


Croeaing  of  Third  street. 

Cnetdiig  of  Fourth  street 

Croasing  of  Fifth  Rtreet. , 

OrosElngof  Siztli  street..; 

Croesingof  Seventh  street. 

CrosBiug  of  Eighth  Btreet. 

CnHsing  of  Ninth  street. 

Crossing  of  Tenth  street 

Croesing  of  Eleventh  street. 

Crowing  of  Twelfth  street 

Cniesiiig  of  Thirteenth  street  and  First  avetiae  S 

Croesing  of  Thirteenth  stieet  and  Nicollet  avenue.... 

Crwiiiig  of  Grant  street , 

Crossing  of  Fonrteenth  street 

Croesing  of  Fifteenth  street 

Crossing  of  Sixteenth  stfeet 

Crossing  of  (^venteenth  street. 

Classing  of  Eighteenth  street. 

Croaaing  of  Nineteenth  street 

Crossing  of  Franklin  avenne  (or  Twentieth  street)  .., 

Cioesing  of  Twentj-second  street 

Crossing  of  Twenty-fourth  street. 

Croesing  of  TVenty-fifth  street 

Crossing  of  Twenty-sixth  street. 

Crossing  of  TwentnT-fleventh  street. 

Crossing  of  Twenty-eighth  street 

Crossing  of  Twenty-ninth  street. 

Croesing  of  H.  &  D.  Ry 

Croesing  of  Twenty-ninth  and  one-half  street. 

Crossing  of  Lake  street. 

Crossing  of  Thirty-first  street. 

Crossing  of  Blaisdell  avenna 

Croesing  of  Lindley  aveune 

Crossing  of  Pleasant  avenne. 

Croesing  of  Grand  avenne 

Crossing  of  Harriet  avenne 

Crossing  of  Rogler  avenne. 

dossing  of  Lyndale  avenue. 

Croesing  of  Aldrich  avenne : 

Crossing  of  Bryant  avenne ,.-' 

Crossing  of  Colfax  avenne 

Croesing  of  Dnpont  avenue 

Crossing  of  Emerson  avenue 

Crossing  of  Fremont  avenne 

Crossing  of  Oirard  avenne 

Crossing  of  Hennepin  avenne.. ...» 

Crossing  of  Unmboldt  avenne ' 

Crossing  of  Irving  avenne 

Crossing  of  Knox  avenne 

Crossing  of  Thirty -second  street 

Crossing  of  Thirty-third  street 

Depot  at  Lake  Calhonn 

Depot  at  Ijake  Harriet 

Crossing  of  the  centre  line  of  sec.  8 

Crossing  of  the  i-entre  line  of  sec.  7 


844.5 

850 

850.5 


Dy,lz«l  ./Google 


FIFTEENTH   ANNUAL  REPORT 
IIi:fSEAPOLia,    LVMDALE  A   MIKKETOKKA    BAILWAV. OtHliHUflt. 


Cioasing  of  Hiimebaba  creek,  water  886;  bottom  660.. 

Mareh.  water,  867,  bottom  863 

CriMsiiig  of  centre  line,  Sec.   19  (Uendelssohn),  natoral 

Crowiuft  of  H.  &  D.  Ry 

Croasiugof  M.  ASt  I^  By -... 

Mwsh,  N.  W.  I  Sec  25,  water  885 

Divide,  N.  E.  i  Sec.  27 

Depremion,  S.  W.  i  Sec.  27,  near  Glen  lake ^...... 

Marab.  near  centre  of  Sec,  33,  water  91B. 

Divide 

Ponvtoiy  ci«ek,  S.  W.  i   Sec  28,   water  660.6,   bottom 

838 _ 

Dii-ide,  natnrol  aaifitce  994 

Maisb,  part  of  Christmas  lake,  surface  916. 

CroHsingofM.  &  St.  L.  at  Ezcelmor 

Janction  of  Hntchinson  extension  with  the  old  motor  line. 

Eicelsior  depot - 

Excelsior  depotofM.  ASt.  L.  E^.,  aame  lerel  aa  this  road 

CroBBingof  line,  Sees.  32 and  33..... 

Crossing  Carrer  coonty  line 

Depression,  near  I«Jce  Hinnewashta - 

Crossing  M.  &  St.  Loois  Ry.,  end  of  Schnti  lake 

Centenoial  lake,  watra'930 

Bnmmit,  N.  E.  comer  Sec.  4 

Outlet  of  Parley  lake,  north  dde  Sec  5,  water  610 

Summit 

Clearwater  lake,  Coney  Is.  Sbk,  water  946 

S.  W.  J  Sec.  2 

Cnvsing  of  line.  Sees.  3  and  4 

Crossing  of  Ciane  creek,  centre  of  Sec  3,  bottom  913.. 

Crossing  of  line.  Sec  4  and  6,  T.  116,  B.  116. 

Crusning  Crane  creek,  W.  i  See  6,  water  934 

Otter  creek,  E.  )  Sec.  1,  bottom  938 

Lester  Prairie  stetion 

E.  4  Sec.  4,  T.  116,  S.  27  {Luth.  <*nrch) 

Outlet  of  Bind  lake 

Summit,  E.  j  Sec.  4,  T.  116,  R.  38 

Crossing  Bear  creek,  E.  }  Sec  6,  T.  116,  B.  28,  bottom  1009 

Summit,  W.  i  Sec.  2,  T.  116,  B.  29 

Summit,  W.  \  Sec.  4,  natural  surface  1062,  higheat  point 

ou  the  line 

Croaking  Crow  river,  bottom  1006 

Hutchinson  station,  comer  Washington  and  Adamg  streeta 


9.44 
10.14 
10.64 
10.74 
12.14 
13.14 
13.64 
14.64 

16.44 

17.44 

IS.  44 

18.60 

18.79 

18.97 

19.54 

21. 70 

32 

34 


87.85 

938 

40.19 

971 

43.24 

943 

947 

43.95 

960 

46.60 

1007 

1034 

51.47 

1040 

53.36 

1028 

56.16 

1053 

58.15 

1053 

59.75 

102T 

60.05 

102:1 

«  IKON  KAtniB  RAILKOAD. 
Kalural  Surface  Lrrfb. 
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STATE   GEOLOGIST. 
LTH  A  IBOH  BAMOB  RAILROAD.—  QmliaHtd. 
Natural  Surface  Lrrel*. —  dmUniltd. 


MilMfnHB 

Duloth, 

.56 
.81 
1 

l!90 
•2 

■2.m 

3 

4 

5 

5.34 

«.25 

7.50 

8 

0.25 
10.69 
11 
12 

12.10 
13.20 
12.65 
13 

14.50 
14.83 
16 

16.63 
10 

16.71 
17 

17.60 
IB 

18.70 
10,26 
30 
21 

€■" 

22.21 

23 

33.30 

24.60 

■26.51 

26.75 

26.10 

'sw'.'J3'" 
87.46 
27.93 

38.27 
28.92 

29.58 

the'se*!'' 

656 
60S 
627 
612 
664 
658 
634 
690 
690 
655 
604 
668 
867 
656 
676 
658 
«99 
704 
677 
710 
650 
700 
689 
630 
888 
612 
663 
680 
667 
678 
646 
603 
644 
666 
663 
683 
701 
707 
723 
734 
768 
ff77 

eee 

692 
633 
688 
874 
902 
02« 
1032 
1060 

Cbfster  CTei-k.  hnttom 

633 

Rock-CQt,  Bommit 

633 
657 

Tlacher  crwk,  bottum 

667 

Lester  river,  bottom „ 

650 

W6 

Summit,  BtBtion  "Clifton  " 

661 

Talmage  riTer,  bottom 

601 

664 

Knife  river,  bottom,  strtion  "Knife  River"'-.. 
Summit 

620 

«57 
661 

Summit 

693 

Summit 

732 

693 
634 

Two  HarboiB,  depot,  2520ft.  Item  jiuictwrn 

la 

Summit 
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FIFTEENTH  ANXUAL  EEPOBT 

TH   &   1BON   BANOE  BAILROAD.  — 0>aftRHnf. 

K'alitrat  Btirfaet  Lerttn. —  Conliaved. 


Milnrrom 

's-^" 

Gndc 

L«el3. 

30. 3S 

31.45 

34 

32.61 

33.66 

34.40 

35.53 

36.34 

36.88 

37.18 

38.84 

38.20 

40.23 

40.46 

41.33 

41.67 

42.38 

43 

43.80 

44.20 

44.50 

4--..  43 

46.23 

47.56 

48.  «7 

4».46 

50.38 

51.44 

52.67 

53.18 

53.01 

54.97 

55.41 

55.84 

56.84 

57.22 

57.75 

58.55 

59.86 

60.88 

61.53 

63.07 

63.56 

64.91 

65.60 

67 

68.26 

69.84 

70.20 

71.37 

72.18 

73.20 

1097 
1221 
1236 
1302 
1395 
1440 
1522 
1507 
1859 
1723 
1760 
1720 
1644 
16«3 
1594 
1630 
1«]0 
1562 
1670 
1496 
1534 
1492 
1477 
ISM 
1586 
1682 
1607 
1619 
1S44 
1570 
1640 
1661 
1600 
1676 
1637 
1683 
1707 
1657 
1652 
1619 
1609 
1594 
1609 
1574 
1546 
1S24 
1499 
1504 
1481 
1519 
1543 
1614 

Snnimit,  highest  poimt,  ■tation  "GakHdina"... 

1734 

Depression 

Summit 

1602 

Snmmit        

Cloquet  river,  bottom.  Btation  "  CLoqtiet  Rivei ".. 

1490 

■SnmiDit 

Summit,  WiBBrftode 

Summit 

Snminit 

Summit 

1570 

ism 

'   1596 
1617 
IS16 

.Summit 

1630 

St  Lonia  river,  bottom,  ataUon  St  LonU  Eivei 

1607 

1514 

Summit 

Summit 

1514 
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BTATE  GEOLOGIST. 
DULUTB  A  mOK  BAMQE  BAILBOAD.— Cbntmanf. 

Enteral  Surfaee  Lfvel». — Ooiitinved. 


MUnttom 
DnlDltu 

FMtftlMTe 

Onid*L«T(l. 

73.68 

74.79 

75.32 
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DUI.X7TH  A  UAHITOBA  HAILBOAD. — CbatiMUri. 


Fertile 

Kittleson  creek,  bed  1094,  grade. 

Cioesiitg  Fosaton  brancb  of  St.  Paul,  Minnef^ioliB  &  Uani- 

toba  railway „ 

Tilden 

Badger  creek,  bed  1033,  grade 

JoDction  of  Ked  Lake  FMa  spar. 

Sed  Lake  Falls  (on  this  spur) 

Eied  I*ke  river,  bed  934,  grade 

Snmmit,  cutting  9  feet,  grade 

Black  river,  bed  941,  grade 

Crossing  Saint  Hilaire  bnmchofSt.  P.,  M.  &M.  Ry 

Crossing  St.  Vincent  liue  of  St.  P.,  M.  AM.  Ry. 

Water-tnnk,  grade 

Junction  of  Keystone  spur 

Keystone  (at  end  of  this  spar) 

Grand  Maiaia  iloogh  (former  channel  of  Red  Lake  river), 

bed  813,  grade 

East  Grand  Forks. 

End  of  Bpor  to  river.  East  Grand  Forks. 

Red  river,  bod  779,  low  and  high  water,  7M-821 
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a  lake  or  river  will  ofteo  be  found  condensed  in  a  single  word  of 
its  name.  Names  cling  very  tenacionsly  and  survive  the  total 
sweeping  away  of  the  ancient  inhabitanto  who  named  them;  as  is 
abundan  tl;  evidenced  in  oar  own  coaatry  and  in  those  beyond  the 
sea,  where  the  names  of  localities  given  by  the  original  Irish 
race,  for  instance,  remain,  though  another  race  totally  different 
in  blood,  religion  and  langaage  has  come  in  and  occnpied  their 
place. 

In  oompiling  the  accompanying  list  of  names,  I  have,  besides 
the  knowledge  of  them  obtained  by  myself  while  joarneying 
more  or  less  for  nearly  13  years  past  in  nearly  all  parts  of  the 
Ojibways  in  Minnesota,  called  to  my  aid  Indians  and  mixed 
bloods  familiar  with  tbe  different  localities  by  having  journeyed 
or  lived  there. 

Thus  from  some  I  have  obtained  the  rivers,  etc.,  in  Dakota 
bordering  on  Minnesota;  from  others  those  in  the  British  Pos- 
sesaioDB;  from  others  those  connected  with  Otter  Tail  lake  and 
river,  etc.,  etc. 

I  have  taken  pains  to  be  accurate,  and  to  put  down  nothing 
doubtful;  and  if  in  any  instance  I  have  erred  it  has  not  been 
willfnlly. 

In  treating  of  the  two  principal  rivers  of  Minnesot'A,  the  Mis- 
sissippi and  Bed  rivers,  I  have  followed  tbe  plan  of  b^inning  at 
the  source  and  tracing  them  aloog. 

Many  of  the  names  are  in  localities  yet  unsettled  by  white 
men,  but  they  will  be  settled  one  day,  and  in  the  near  ftiture, 
and  then  those  names  will  be  of  interest.  The  English  names  I 
have  taken  from  Warner  and  Foote's  map  of  Minnesota  pub- 
lished in  1881,  as  being  the  best  to  which  I  had  access. 

The  list  is  not  yet  complete.  There  are  many  lakes  between  Ked 
and  Cass  lakes,  for  instance,  which  I  have  not  yet  bad  opporto- 
nity  to  get,  but  names  of  which  I  hope  to  get  when  I  go  there,  and 
Bend  to  the  society.  Since  making  the  list  I  have  learned  of  one 
slight  correction;  that  the  Indians  call  a  part  of  the  Mississippi 
above  Cass  lake  by  a  different  name,  which  name  I  hope  to  get 
and  send  the  next  time  I  visit  Cass  lake  and  talk  with  tbe  In- 
dians there. 

It  is  hardly  necessary  to  say  that  knowing  the  Indian  language 
has  alone  enab1e<I  mc  to  make  this  slight  contribution. 
Believe  me,  very  respectfully  yours, 

J.  A.  GlI-yiLLAN, 
AHasionary  to  the  Ojibway  Inttiant. 
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KEY  TO  THE  OKTHOGRAPHY, 
A,  a,  is  pTonouDced  as  a  in  whal. 


i, 

iiu pin  OT  maehiof.             s 

o. 

0  in  niif>'. 

a. 

u  in  full. 

The  oonsonant8  a 

re  sounded  as  in  English 

DipJtthonffB. 

a            "              '■  on 

in  now.  WW. 

»sra(ttin/««er). 

or  ie 

•yo-(ain*«le). 

foriw          " 

'    JfO». 

DOroa 

■  watain/a;/,  wAaO- 

e  or  ne          " 

'  way. 

or  nl 

*  tM. 

1.  The  name  by  which  the  Ojibways  or  Chippewas  call  lake 
Snperior  is  Kitcbigumi,  meaDiog  greut  water. 

2.  Pigeon  river  is  Omimi-zibi,  Oinimi  meaning  pigeon,  and 
zibi  —  whenever  it  occurs — river.  It  can  be  written  either  zlbi 
or  sibi,  but  the  former  represents  more  accur<ttety  the  sound. 

8.  The  bay  south  of  Pigeon  river  put  down  on  the  map  as 
Waswaugoning  bfiy  is  called  by  the  Ojibways,  Wasewewini-wik- 
wed,  making-a-ligbt-by- torches  bay,  i.  e.  to  catch   fish  by  night. 

4.  Grand  Portage  bay  is  called  Kitchi  Onigum  or  great  port- 
age. 

5.  The  river  marked  on  the  map  as  Maw-ske-qua-caw-maw  is 
called  Mesqna-tawangawi-zlbi  or  Bed  Sand  river;  the  Menqua 
being  "red,"  tawanga  "sand,"  and  the  wi  a  connective. 

6.  Horse-shoe  bay  is  Wiquedons.  The  Little  bay,  Wique- 
donsing  at  or  to  the-little-bay. 

7.  Brule  river  is  Wissakode-zibi  or  Half-burnt- wood  river. 

8.  Devil-track  river  is  Macido-bimadagakowinizibi,  mean- 
ing, the  spirits  or  God  walking-place  on-the  ice  river. 

9.  Bay  of  Grand  Marias  is  Kitehi-bitobig,  the  great 'dupli- 
cate-water; a  parallel  or  doable  body  of  water  like  a  bayou. 
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10.  Poplar  river  ia  Oa-manazadiks-zibi,  J.  e.  plara-of-pop- 
lars-river. 

11.  Cross  river  is  Tchibaiatigo-ztbi,  i.  e.  wood-of-tlie-soul-or 
spirit  river;  they  calling  the  Cross,  wood  of  the  bodI,  or  disem- 
bodied spirt.  This  river  is  so  called  from  a  priest  who  long 
ago  crossed  from  the  south  shore  of  lake  Superior  in  the  night 
and  in  the  moruing  set  up  a  cross  there.  The.  grandson  of  the 
woman  who  was  with  him  in  the  canoe  is  my  informant. 

12.  Maniton  river  is  the  same  as  above,  Manido-bimadaga- 
kowini-zibi,  there  being  two  rivers  of  that  name  on  the  north 
shore  of  lake  Superior. 

13.  Beaver  bay  is  Ga-gijikensikag.   The-place-of-little-cedars. 

14.  Split-rock  river  is  Qiniuwabiko-zibl;  the-war-eagle-iron- 
river. 

15.  Gooseberry  river  is  8habonimikani-zibi;GooBeberry- place- 
river,  or  the  pla«e-of-goo6eberries  river. 

16.  Encampment  island  is  called  "Miniss"  or  the  island,  that 
being  the  only  one  all  along  the  north  shore  nearly  to  Pigeon 
river. 

17.  The  bay  opposite  is  called  Minissing-Wiqned  or  the  bay- 
at-tbe-iflland,  or  island-bay, 

18.  Silver  creek  is  Shouia-zibiwishe,  Silver  creek. 

19.  Stewart's  river  is  Bitobigo  zibi,  Parallel  river,  or  Double 
river,  no  doubt  from  its  flowing  parallel  to  Silver  creek. 

20.  Agate  bay  is  Wasswewining,  making-a-light-by-torches; 
i.  e.  to  fish  by  night;  ing  is  the  termination  at  or  to. 

21.  Knife  river  is  Uokomani-zibi,  Knife  river. 

22.  Sucker  river  is  Namebini  zibi.     Sucker  river. 

28.     French  river  is  Angwassago-zibi  or  Flood-wood  river. 

24.  Lester  river  is  Busabikazibi.  Eockycafion  river,  or  the 
riverthat-comea-through  »-worn-hollow-place-in  the-rock. 

26.  Dalnth  is  Onigiimins,  or  the  little  portage,  so  called  from 
their  carrying  their  canoes  over  Minnesota  point  into  Che  bay. 
Onigomiasing  at  or  to  Dnlnth. 

Places  on  northern  boundary  going  from  lake  Superior  are  as 
follows: 

26.  Moose  lake,  Mozo-sagaiigun.  Sagaiigan,  wherever  it 
occurs,  means  lake  and  hereafter  only  the  first  syllable  need  be 
written,  i.  e.,  sag. 

27.  Pine  lake,  Sbingwako-sag,  Pine  lake.  Shingwak  is  a  pine, 
o  a  connective  vowel,  sagaiignn  lake. 

28.  Mountain  lake,  Oatchigudjiwegumag-sag.  The  lake-lying- 
close-by-tbe-monntaiu  or  Monutain  lake. 
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29.  Bove  lake  is  Ga-TissakTeagnmag-sag.  The  lake-lying- 
in  -the-burnt-wood-country. 

30.  Bose  lake  is  Oa-bagwadjisklTagag-aag,  or  the  shallov- 
lake- with -mud- bottom. 

31.  Clearwater  lake  (near  Bore  lake)  is  Oa-wakomitigweiag- 
sag,  or  Clearwater  lake. 

32.  Iron  lake  is  Biwabiko-si^,  Iron  lake. 

33.  Oaa-flint  lake  is  Biwanago-sag,  or  Oan-fliot  lake. 

34.  Greenwood  lake  is  Ushkakweagamf^-sag,  or  Greenwood 
lake. 

36.  Sagaoaga  lake  is  Ga-Baauganagag-sag,  the  lake  surrounded 
by  thick  forests. 

36,  Bear-skin  lake  is  Muko-waiaai-sag,  or  Bear-skin  lake. 

37,  Otter-track  lake  isNigig-bimikawed  sag,  the  lake-where- 
the-otter-make-tracks.  From  four  tracks  of  an  otter  on  the  rocks 
by  the  side  of  the, lake,  as  if  he  had  jumped  four  times  there. 

38,  Knife  lake  is  Mokomani  sag,  Knife  lake. 

'    39.     Cacacowabic   lake  is  Kekekwabiko-sag,  meaning  hawk- 
iroQ'lake. 

40.  Bebiqwndjibi*ndjissing-8ag  istheOjibway  name  of  Snow- 
bank lake.  The  word  means  the&now-blown-ap-in-heaps-lying- 
aboat-bere-and-  there-lake. 

41.  Baaswood  lake  is  BasBcruenaDi-sag  or  Dried  blne-berry 
lake. 

42.  Burnt-side  lake  is  C^a-nabnne-abikideagamag-Bag.  .  The 
lake-  where-the-  tim  ber-b  as-bee  o-burDt-off-on-one-side. 

43.  Long  lake,  Ga-shagawigum^-Bag,  long-narrow  lake. 

44.  The  large  lake,  about  three  miles  northeast  of  Long  lake, 

.   nameless  on  the  map,  is  Ga-wassidjiwuno-sag,*  or  the  lake-that- 
is-white-with-the-foam-of-the- rapids. 

45.  Birch  lake  is  Ga-wigwasseusikagumag-sag,  Little  Birch 
lake,  or  the-place-of-little-birches-lake. 

46.  Ka-wishiwi-river  is  correct;  means  The  river-fnllof-bea- 
ver's-houses;  or  according  to  some,  musk-rats  houses  also. 

47.  Eagle's  Neat  lake,  east  of  Vermilion  lake,  is  properly 
Muko-mi  nisi wi -sag;  Bear-island  lake. 

46.  Embarrass  lake,  St.  Louis  county  is  Gatitisawangidji- 
wung-sag.  The-lake-with-tbe-sand-whirling-round-in-the-water' 
by-means  of-tbe-carrent. 

49.  The  nameless  lake,  north  and  a  little  east  of  Embarass,  is 
Showimlnabo-sag  or.  Wine  lake,  literally  Grape-liquid  lake . 

Aihluid,  WIl,    wrtia  this  GBViitilvaDg^ 
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60.  Eshqaagama  lake  is  Eshqaegnmag,  Last-water-lake,  or 
Last-la^  e. 

61.  St.  Lonis  river  is  Kitchignmi-zibi,  or  lake  Superior  river. 

62.  The  nameless  lake  on  Partridge  river  is  Bine-aag:  Part- 
ridge lake. 

63.  Partridge  river  is  Bine  zibi;  Partridge  river. 

51.     Meaabi  highta  is  missabe-wndjiu  or  Giant  mountain. 
[N.  B. — HiMabeiB  a  giant  of  immense  size  and  a  cannibaL     Tbis  is  his  luouii- 
tain,  coiiseqaentl;^  t^l>B  highest,  higgest  mountain.*] 

65.  Cloqoet  river  is Ga-bitotigweiag-zibi.  The-river-that-runs- 
parallel-or- doable;  so  called  from  running  parallel  with  lake  Su- 
perior, making  a  double  with  it. 

66.  Lake  of  the  Woods  is  Bablquawanga.  The- lake- full-of- 
Band-mouode-there  drifted  about  like  snow  by  wind. 

67.  fiainy  lake  ia  Kotcbitobi-sag,  meaning  according  to  some. 
ITeighbor  lake,  according  to  others  a  lake  somewhere,  (a  diffi- 
cult word.) 

68.  fiainy  Zjake  river  is  Kotchitchi-zibi,  meaning  either 
Neighborriver  or  river  somewhere,  (not  astriotlyOjibweword.) 

69.  The  river  from  fiainy  lake  up  toward  lake  Superior  is 
called  Qa-manitigweia-zibi,  or  Bad-flowing- river. 

[Here  Wlow  the  nanies  of  some  plates  beyond  the  bonnduy.] 

60.  White  Fish  bay  is  Ga-atikumegokag-sag,  or  White  Fish 
lake. 

61.  Crow  lake  is  Gagagiwl-sag.    fiaven  lake. 

62.  Sabaskang  bay  is  Shibashkang,  "where  they  go  wind- 
ing about  to  find  passage,"  among  the  islands. 

63.  From  WliiteFish  bay  to  Manito  river,  the  river  is  called 
Ga-manitigweians,  or  The-little- bad -flowing- river. 

64.  The  name  of  the  river  north  of  Hunter's  island  is  called 
Ga-wasidjiwnni-zibi,   or  River -sbining-with-foara-of  rapids. 

65.  Kabet-to-go-ma  lake  is  Ga-bitogumag-sag,  meaning  The 
lake -that- lies -parallel -or- doable,  namely  with  Balny  lake. 

66.  Loon  lake  is  Mango-sag,  meivning  Loon  lake. 

67.  La«-la-Croix  isSheshibagumag-sag.  Thelake-where-they- 
go-every-which-way-to-get- through. 

68.  Vermilion  lake,  Oiiamuni-sag.     Vermilion  lake. 

69.  The  nameless  river  running  from  Eagle's  Kestlaketo  Ver- 
milion lake  is  called  Eshtiuegumazibi,  or  Last  river,  from  the 
i^t  that  it  rises  in  Kshqueguma-sag  or  Last  lake,  which  is  not 

•Tie  Chippewms  H  ««nd  PorUgi 
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named  on  the  map  bat  is  the  next  lake  to  Birch  lake  and  north 
of  west  end  of  same. 

[N.  B. — Ri»era  are  by  the  Ojibways  nearly  alwaya  named  from  the  lakes,  out 
of  which  they  flow  as  in  thiH  instance.  ] 

70.  Net  lake  is  Asubikoae-sag,  meaning  Taken-or-eatangled- 
,  in -the- net -lake. 

71.  The  river  flowing  from  Net  lake  is  called  Nlngotawona- 
ning  or  Separating-oauoe-routea-river  from  the  river  forking. 
"Ing"  is  the  termination  at  or  to. 

72.  Bii[-fork  river  is  called  A.tchabani-zibi  or  Basatchabani- 
zibi.  Bowstring  river;  so  called  according  to  the  asual  rale  from 
rising  in  Bowstring  lake. 

73.  Bowstring  lake;  Atchabani-sag,  or  Bnsatchabanisiig;  (it 
is  pronounced  both  ways  by  different  Chippeways),  meaning 
Bowstring  lake. 

74.  Little  Fork  river,  Ningtawonani-zibi;  Separating-canoe- 
rontes-river,  as  explained  above,  No.  71. 

76,  Round  lake,  northwest  of  Bowstringjis  Qa-wawiiegamag- 
sag.     Bound  lake. 

76.  Big  White-f^ce  river  is  Kitchi-wabishkingwewe-zibi. 
Big  white  face  river. 

77.  Ushkabwahka  river  is  Ushkibwakani-zibi.  Tbe-river-of- 
the- place-of-the- wild-artichokes. 

78.  East  Savanna  river,  Moshkigouigumi-zibi.  The-marshy- 
portage-river;  from  the  marshes  or  low  lands  bordering  the  river, 
making  the  portages  over  marshy  ground. 

79.  East  8wan  river,  tributary  of  the  St.  Louis^  is  Wabiziwi- 
zibi.    Swan  river. 

80.  Grand  lake,  near  St.  Loais  river,  is  Kitchisagaiigun;  or 
Grand  lake. 

81.  Ganozia  lake  is  Ga-ginogamans-sag,  or  Little  Long  lake. 

82.  Wild  Bice  lake,  back  of  Dulutb,  is  Megwewinljiwmano- 
minikan.     The-place-of-wild-rice-amidst-the-hitls. 

83.  Prairie  lake  is  Mushkodensiwi-sag,  or  Little  Prairie  lake. 
81.     Prairie  river  is  Mushkodensiwi-sibi,  or  Little  Prairie 

river. 

86.  Minnesota  point  (at  Dnlath)  is  Shagawamik,  meaning 
the  long-narrow-poinb;  "ing  "  to  or  at  the  long  narrow  point,  as 
osnal. 

86.  Bice's  point  —  near  Duluth  within  city  limits  —  Wubish- 
ingweka,  meaning  the  narrow  contraction  (of  the  river)  caused 
by  the  point  covered  with  little  pines. 
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87.  Fond-da-Lac  is  Nagadjiwanang,  where  the  flow  of  the 
water 8t«p8  or  is  arrested;  "aog"  theusual  terminattoutoor  at. 

88.  Dalles  of  the  St.  Lonis  from  ThompsoD  down.  KJtchi 
Eakabikang;  the  great  fall, —  "  ang"  at  or  to. 

89.  Sandy  lake,  Aitkin  county.  Ga-mitawangagumag-sag. 
BefeniDg  to  the  character  of  the  soil  id  which  the  liUce  is  sitn- 
ated.     The- pi  ace- of- bare- sand -lake,  or  Sandy  lake. 

90.  Perch  lake  on  N.  P.  E,  E.  neap  Junction;  Atawemego- 
kag-sag.  The-place-where-the-fish-flre-goeS'OUt-lake,  that  is  the 
place  where  the  fishes  die  for  want  of  air,  being  in  too  shallow  a 
place,  and  freezing  np. 

91.  Knife  &.lls.     Mokomanonigam.     Knife  portage. 

92.  Island  lake,  If.  P.  B.  B.  Ga-miuisiwnng-sag.  Island 
lake. 

93.  Bice  lake,  soatb  of  Sandy  lake,  Kitohi-manominikani- 
sag.     The-great-place-of-wildrioe-Iake. 

94.  Willow  river  (east  of  Mississippi  nearest  Aitkin), Moinu- 
jewi-zibi,  meaning  DaDg-on-tbe-Bkin-river. 

95.  Wakonabo-sag.  The  lake  of  the  broth  of  Wakwng  or 
fish-melt,  or  eggs-brotb-lake;  or  Broth-of-moss-growing-on- 
rocks-or-trees-  lake. 

[N.  B. —  Tha  Indians  nse  the  latter  in  case  of  starvation.  Both  the  above 
esplanatjons  are  given  by  different  Indians.  ] 

96.  Moose  river  is  Moz-oshtigwani-sibi;  or  Moosehead  river. 

97.  Moose  river  heads  in  some  little  lakes  called  Nodaishi- 
baning;  or  The-place-of-hunting-ducks-lakes. 

98.  Willow  river,  north  ofMooseriver,  isOzisigohimiji-zibi. 

99.  Hill  lake  is  Fikwudina-sag,  or  Hill  lake. 

100.  Nameless  lake  south  of  Pokegama  and  about  six  miles 
west  of  the  Mississippi  is  called  Ushigunikan-sag,  meaning  Bass 
lakeor  The-place-of-bass-Iake. 

101.  Prairie  river  ou  Mississippi  is  Mushkodensiwi-zihi,  or 
the  river  of  the  litUe  prairies.  Little  Prairie  river. 

102.  The  lake  on  the  above  river  is  the  same,  Mushkodensiwi- 
sag,  or  Little  Prairie  lake. 

103.  Trout  lake,  Xamegosi-sag.     Trout  lake. 

104.  Swan  river,  east  of  last,  is  Wabiziwi-zibi,  or  Swan  river. 

105.  Deer  lake  north  of  Pokegama  is  Wawashkeshiwi-sag, 
or  Deer  lake. 

106.  Trout  lake,  north  of  above,  is  ITamegosi-sagfuigun,  or 
Trout  lake. 

107.  Spider  lake,  north  of  above,  is  Asubikeshi-sagaiiguu. 
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108.  Stepheiis_}ake  ie  Wawashkeshiwi-Bag,  or  Deer  lake. 

109.  Ballcliib  lake  is  Pagautowan,  or  Ball-clnb  lake,  being 
the  iDstrameot  the;  bold  in  tbeir  hand  and  play  vith,  the  game 
of  La-Crosse. 

110.  Basa  lake  (south  of  Deer  lake)  TJshigunikan-sag.  The- 
place-of-bass-lake. 

111.  Mud  lake  (ou  Leech  lake  river).  Oa-bagodjialikiwugag- 
sag,  meaning  shallow-mud-bottomed-lake. 

112.  Quaim-butch-e-weg-e-mug  soath  of  Pokegama  lake,  is 
Ga-wimbudjiwegumag.  The-lake-that-lies-in  the-hoUow-of-the- 
mountain. 

113.  Binzi-ba-qaat-sag,  west  of  last,  ib  correct,  meaas  sagar 
lake. 

114.  Vermilion  lake,  above  lake  Pokegama,  is  Onamnni- 
bigokag-sag,  meaning  Vermilion  lake. 

115.  Nameless  lake,  long  shaped,  between  Leech  lake  river 
and  Winnibigoshish  lake,  is  named  Kitchi-bagwadjiwl-sag, 
meaning  big-lake  in-tbe- wilderness  or  bie-wilderness-l<*ke. 

116.  Winnibigoshish  is  correct;  means  miserable-wretched- 
dirty-water,  (Wlnni,  filthy;  hi,  water;  osh,  bad,  an  expression  of 
contempt;  ish,  an  additional  expression  of  contempt,  meaning 
miserable,  wretched). 

117.  The  promontory  on  west  shore  of  Winnibigoshish  is 
najned  Oagagisbibeneashi,  or  Baven-Duck  point.  The  stream 
that  comes  in  there  has  same  name. 

118.  The  nameless  lake,  west  of  Winnibigoehlsh,  is  Bitowi- 
manomlnikan-sag.  Parallel-ricse -field -lake,  or  Doable- rice-field - 
lake. 

119.  Cass  lake  is  Ga-misquawakokag-sag,  or  The-place-of- 
,  red-cedars-lake,  from  some  red  cedars  growing  on  the  island; 

more  briefly  Bed  Cedar  lake. 

120.  The  large  island  in  the  lake  was  anciently  called  Qamis- 
qnawako-miniss,  or  the  island  of  red  cedars.  It  is  now  called 
Kitchi-miniss  or  Great  island. 

121.  The  little  pond,  nameless  on  the  map,  two  miles  south  of 
the  extremity  of  lake  Itasca,  from  which  the  farthest  drop  of 
water  comes  to  the  Mississippi,  has  no  name  given  to  it  by  the 
Indians;  it  was  first  named  by  the  writer  lake  Whipple  in  honor 
of  the  first  bishop  of  Minnesota. 

122.  Blklake^on  the  map  so  called  —  separated  from  lake 
Itasca  by  a  narrow  piece  of  land  and  south  of  same  is  called  by 
them  Pekegamag-sagaiigun.     The-water-which-jntB-ofF-from-an- 


ib/Googlc 


480  TIFTEENTH  ANNUAL  BEPOBT 

other-water.  It  waa  first  named  by  the  writer  Breck  lake,  in 
bonor  of  the  dt8tiDgnit<bed  first  miasioDary  of  the  American 
church  to  St.  Paul  and  vicinity,  who  was  afterwards  first  mia- 
Bionary  of  the  church  to  the  Chippewa  iDdians  around  the 
sources  of  the  Mississippi. 

122i.  The  river  (nameless  on  the  map)  ranning  from  above 
lake  is  Pekeguma-Bibiwishi,  or  brook-of- the- water- which -juts- 
oflf-from-another-water. 

123.  Itafica  lake  has  been  called  by  the  Indians,  from  time 
immemorial,  Omushkozo-sagaiignn;  Elk  lake. 

124.  The  Mississippi  ruDuiug  thence  is  called  Omushkozo- 
Bibi  from  lake  Itasca  till  it  reaches  the  lake. 

125.  Lake  Bemi^ji  is  Bemidjigumag-sagaiigan,  or  the  lake 
where  the  current  flows  directly  across  the  water,  referriugto  the 
riverflowing  squarely  out  of  the  lakeon  the  east  side,GuttiDg  itiu 
two  as  it  were.  Very  briefly  Cross  lake.  The-lake-where-the 
current-flows-directly- across  tlie-water.* 

126.  From  lake  Bemidji  to  Cass  lake  the  river  is  called 
Bemi^jiguma-sibi,  or  Cross  river. 

[For  ftillcr  dcscrptlon  see  No.  439.] 

127.  From  Cass  lake  to  Winnibigoshish  it  is  called  Ga-misk- 
qnawakoka-zibi;  Red  Cedar  river,  or  river  of  the  place  of  red 
cedars. 

128.  From  outlet  of  Winnibigoshish  to  mouth  of  Leech  Lake 
river  it  is  called  Wiunibigoshish-zibi;  'Winnibigoshish  river. 

129.  Below  the  junction  of  Leech  Lake  river  it  is  called  Kit- 
chi-zibi,  or  Great  river. 

[N.  B. —  I  «in  not  find  by  inquiry  that  the  Chi ppe was  hui«  ever  called  it 
HiisiEihi  (Mifwissippi)  or  MiSEowibi.  But  I  consider  it  very  proliable  that  in 
remote  timed  t-hey  did,  for  MlssO'Zibi  (Uissiaaippi)  would  expToo  the  same  idea 
in  their  Ian)pia(te,  and  would  be  proper,  as  witness  Mixia-sagiiiigaD  (Uille  Lac) 
meaning  Great  lake,  it  no  exa<-tly  correfiponda  with  theic  language  that  it 
mnxt  have  been  taken  I'rou  it.] 

130.  Upper  Bice  lake — on  the  map — northwest  of  lake 
Itasca,  is  A.jawewesitagan -sag,  meaning  the  lake  where  there  isa 
portage  from  water  running  one  way  to  waters  running  the  oppo- 
site way,  or  briefly,  Higbt  of-land  lake. 

131.  Ked  lake  is  Misquagiimiwi-sugaiigan.  Red-water  lake, 
so  called  perhaps  from  a  sort  of  reddish,  fltie  gravel  or  sandaloog 
the  shore  in  pleices.  which  in  storms  gets  wrought  into  the  water 
near  the  edges.     By  others  so  called  from  being  sometimes  of  a 

IB  ni  tbe  French  JVaicn,  i 'e,,  wbrre  it  la  nemmj  t» 
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feddish  color  from  streams  rnnning  from  the  bogs  north  of  the 
lake,  the  vater  from  which  streams  is  of  a  reddish  color. 

ia2.  Bed  Lake  river  is  Miaqnagtimiwi-saeaiignniwi-zibi  (Bed- 
Lake  river)  to  Red  river. 

133.  Th*  narrow  point  of  land  running  west  in  Bed  lake,  di- 
viding it  almost  into  two, is  called  Wabashi-ing  at  or  to  Wabashi. 
Wabashi  means  the  straits;  something  contracted. 

134.  CrookBtOD  on  Bed  Lake  river  is  called  Asndi-minaqwam. 
The- poplar-grove. 

135.  Bosean  river  in  Kittsoq  county  is  Gashashaganushko- 
kawi-sibi,  or  the-place-of-mshes-river,  or  briefly,  Bnsh  river. 

136.  The  next  riversouth, namely  Two  Bi  vera,  is  Oa-nijoshiao- 
«bi,  or  the-river-that-lies-two-together-as  in-a-bed;  no  doubt, 
from  its  two  branches  running  parallel. 

137.  Tamarack  river  is  Ga-moshkigwatigoka-zibi,  Tamarack 
river. 

I3S.     Snake  river,  next  south,  is  Ginebigo-zibi,  Snake  river. 

139.  Sand  Hill  river  is  Ga-papiqwntawangawi-zibi,  or  the- 
river-of-sand-hil  Is-scattered  -here-and-there-in-pl  aces. 

140.  Clearwater  river,  Polk  county,  is  Ga-wakomitigweia- 
zibi,  or  Clearwater  river. 

141.  The  South  fork  of  Clearwater  river  is  peqwadina-zibi, 
Hill  river. 

142.  The  lake,  uameless  on  map,  in  which  the  above  South 
fork  of  Clearwater  river  rises  is  Ajeguaegamga-shingwakokag- 
sag,  the-lakc-with-pines- on -one-side-of-ttie- water. 

143.  The  lake,  nameless  on  map,  southwest  of  last,  is 
called  Mekinako-Kag,  or  Turtle  lake,  from  its  form,  which,  seen 
from  a  canoe  in  the  middle,  closely  resembles  a  turtle. 

144.  Poplar  river,  Polk  county,  is  Asadi-zibi,  or  Asadikawi- 
zibi;  the  former  meaning  poplar  river;  the  latter  Plaoewhere- 
poplars-are  river, 

145.  The  river,  uameless  on  map,  south  of  South  fork  of 
Clearwater  and  rnnning  into  Clearwater  river,  is  Kitchi  zibi- 
wishi,  or  Big  brook. 

146.  The  lake,  nameless*  on  map,  south  of  source  of  last- 
named  creek,  and  near  the  present  town  of  Fosston,  Polk  county, 
is  Pugwnndnmokan-sag,  or  the-place-of-suffocated-fish  lake,  that 
is,  where  the  fishes  die  for  want  of  air,  and  are  seen  dead. 

147.  Middle  river,  Marshall  county,  is  Nessawitigweia-sibt, 
or  Midde-flowing  river. 

148.  Wild  Bice  river  is  Ga-manominiganjikawi-zibi.  The- 
river-where-wild-rice-stalk  or  plant  is  growing;  so  called  ft^m 
the  last  lake  through  which  it  flowed. 
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149.  The  south  branch  ofWild  Eice  river  is  Ga-tctekatig- 
weia-zibi,or  Ga-tchat«hweqiiatigweia-zibi.  The-rirer-thattbmsts- 
into-BODiethingand-disappeani;  referriog  to  ite  siakiDg  into  the 
ground  and  di&ippearing  for  some  time. 

150.  The  large  lake,  nameless  on  map,  called  Maple  lake  by 
the  whit«s,  near  Maple  bay  and  Mentor,  Polk  eouuty,  is  Oa- 
shabwewegumag,  meaning  the-lake-tbat-forces-itseir'throagh- 
the-timber-in-a-long-bay, 

151.  Thief  river  is  Kimod-akiwizibi.  Thestolen-land-river  or 
Thieving-land- river.     For  the  meaniogs  see  Warren's  History. 

152.  Elbov  lake,  in  which  the  Bed  River  of  the  Xorth  rises,  is 
Qa-odoskwnnignmag,  or  Elbow  lake. 

[N.  B. —  Thij  little  pond  hLi  mileaN.  E.  of  it,  rroiiiwliichalittlestrra»iDCOines 
and  which  may  be  oalled  the  source  of  the  river,  is  aniiiuucd  by  the  Iniliaiu.] 

153.  The  river  coming  from  Elbow  lake  is  called  Ga-odosk- 
wuniguma-zibi,  or  Elbow  Lake  river,  according  to  the  nsnal  rule. 

154.  Many -point- lake,  Ga-ninminewamiwung-sag.  The-lake- 
witb-bays-ranning-ia-all-direetious  is  next  ou  stream. 

155.  The  river  running  out  of  above  lake  is  according  to 
usnal  rnle,  Ga-miiminewami-zibi.  Bays-in-all-directions  riviT. 

156.  The  next  lake,  nameless  on  map,  three  miles  southwest 
of  last  and  of  long  shape,  is  Ga-wawunokag-sag,  or  the-place-of- 
eggs  lake. 

[N.  B. — There  are  ti  iiniul)er  of  nmallcr  lakes  there.  They  are  all  mtlled  Egg 
hik•^.<.^^ 

157.  The  river  thence  to  next  lake  is  Ga-wawunoka-zlbi,  or 
l^g  river. 

158.  The  next  lake,  the  large  one,  nameless  on  map,  east  of 
Flat  lake,  is  Ga-bagwag,  or  Shallow  lake. 

159.  The  river,  nameless  on  map,  flowing  thence  is  called  Oar 
bagwag-sibins,  or  Shal  tow-lake-little  river  nntil  it  is  joined  by 
the  Round  Lake  river. 

ItiO.  The  next  lake,  nameless  on  map,  through  which  it 
flows  is  the  small  lake  north  of  Hight-of-Land  lake  named 
Assig-inako-manominikani-sag,  or  the-blaok bird -place-of- wild- 
rice  lake.  • 

161.  The  river  flowing  thence  is  Assiginako-manominikani- 
Kibi,  or  the  black-birds-place-of- wild- rice  river. 

162.  Hight-of-Land  lake,  the  next,  is  Ajawewesitagnn  sag, 
the  lake-where -the-portage-is-acrosH-a-divide- separating- water- 
which-runs-difle rent- ways,  or  Hight-of-Land  lake. 

163.  The  river  flowing  thence  has  the  same  name,  Ajaweweni- 
tagun-zibi  or  Hight-of-Land  river. 
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164.     The  next  lake  is  a  little  one,  south  of  Prazee  City  ~  , 
namelefis   on  map  —  called   Manotninikan-aag  or  the  place-of- 
wild-rice  lake,  bat  the  river  still  retains  its  former  name  of  Aja- 
TeTresitagnni-zibi  to  the  next  lakes.    Twin  lakes. 

166.  Little  Pine  lake  and  Pine  lake  are  called  G^nijognmag- 
BEg,  or  Twin  lakes. 

166.  The  river  ieeaing  thence  is  called  Ga-nijoguma-zibi,  or 
Twin  Lake  river  till  it  enters  Bush  lake. 

167.  Bush  lake  in  Qa-shashagaannshkokag-sag,  the  place-of- 
mshea  lake. 

168.  The  river  issuing  thence  is  called  Oa-shashaguQushka- 
ka-zibi  till  Otter  Tail  take. 

169.  Otter  Tail  lake  is  Nigigwanowe-sag.    Otter-tail  lake. 

170.  The  river  i83uing'thence  is  called  Nigigwanowe-zibi,  till 
itsjnnctioD  withtbe  Boisde  Sioax  river,  notwithwstanding  it 
passes  through. 

171.  A  lake,  nameless  on  the  map,  close  to  Otter  Tail  and 
BonEhwest  of  same,  called  Wawashkeshiwi-sag.     Deer  lake. 

172.  The  next  lake  it  flows  through  is  Gawimbudjiuwe- 
gnmag-sag,    or  the-lake-that-liea-in  the-hoUow  of-the- mountain. 

173.  Bed  Biver  of  the  North  from  its  junction  with  Bois  de 
Sionx  river  is  called  by  the  Ojibways  simply  Kitchi-zibi.  Great 
river. 

174.  Lake  Travers  is  Ga-edawaii-mamiwung-sag.  The-lake- 
with  a-breaat,  or  pap  (like  a  woman's)  on  either  end;  one  on  the 
northern,  and  one  on  the  southern;  (flowing  into  Big  Stone  lake 
in  high  water);  so  flowing  either  way. 

175.  Boisde  Sioux  river  ie  Ga-edawaii-mami-zibi,  or  the- 
paps-on-either-end-river. 

Names  of  the  rivers  on  west  bank  of  Bed  river  from  north  to 
south  are  as  follows: 

176.  Pembina  river,  Auibinani-zibi,  meaning  the- high-bnsh- 
cran  ber  ry  ■  r  i  ver. 

177.  Tongne  river  is  Odenaniwl-zibi.    Tongue  river. 

178.  Park  river  is  Shi witaguni-ai bins.    Little  Salt  river. 

179.  Forest  river,  Shiwitagunizihi.    Salt  river. 

180.  Grand  Forks,  Kitchl-madawang.  The  big  forks;  that  is 
where  the  rivers  are  so  large  in  either  fork  that  you  don't  know 
which  to  go  into. 

l&l.     Turtle  river,  Mikinako-zibi.     Turtle  river. 

182.  Goose  river,  Nik  i-zibi. 

183.  Elm  rivor,  Anibi-zibi. 
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^     184.     Maple  river,  Gariniiiatigoka-zibi.   Flace-of-maplee-river. 

185.  Cheyenne  river,  Ga-ninaweshivi-zibi.  Tlie-riverK)f-the 
laQgnage-thatve-almost-niiderstaDd.  That  is  what  they  call  the 
Oheyenne  IndJaiis.    Oa-niDawe^hlwug. 

186.  Wild  Bice  river,  Oa  maiiominiganjikaiii-zibi.  The  river 
where  the  wild  rice  stalk  or  plant  is  growiug, 

187.  Bash  river,  Oa-shaahiiganushkokaai-zibi.  Bash  river 
or  the-river-of-the-place  of  rnshea, 

188.  White  Earth  lake,  OA-wababiganikag-sag.  The-plaoe-of 
wbite^lay-lake;  so  called  from  the  white  clay  which  crops  out  in 
places  at  the  shore  of  the  lake. 

From  the  lake  is  taken  the  name  of  the  reservation  and  adjoin- 
ing region. 

189.  White  Earth  river,  named  from  the  lake,  ia  Qa-wababi- 
ganika-zibi.  White  Earth  river,  according  to  osual  rale  named 
Avm  the  lake. 

190.  '  Talibylake,  Qa-odonibinBikag-sag.  Tbe-place-of-talibies- 
lake. 

191.  The  river  ranning  thence  to  next  lake  is  Ga-odonibinzi- 
kag-sibiwiehi.     Tuliby  creek. 

192.  The  nameless  lake  down  the  stream  and  northeast  of 
White  Earth  lake  isShuahugiusikan  Jake,  or  the-plaoe-of-yoang- 
herons-lake. 

193.  The  rivpr  flowing  thence  is  Shoshaginsikani-zibius,  or 
the-place-of-yoQug-herona-Iittle-river.  • 

194.  Twin  lak&s,  eighteen  miles  N.  E.  of  White  Earth  on 
road  to  Red  lake,  Ga-nijogumag.      Twin  lakes. 

19.").  The  river  theuue  flowing,  Oa-nijo-gamag-sibiwishe. 
Twin  lakes  creek. 

19fi.  Strawberry  lake,  Ga-odeimiiiikag-sag.  The-place-of- 
strawberri  es-lake. 

197.  Bound  lake,  Ga-wawiiegnm^-sag.     Bound  lake. 

198.  Lake  —  nameless  on  the  map  —  one  mile  south  of  Bound 
lake,  Ga-nita-mumudweqwuding-sag.  Tbe-lake-wbich-keeps- 
cracking-and -roaring- with -the-cold . 

199.  The  lake  —  nameless  on  the  map  —  directly  N.  E.  of 
Strawberry  lake,  is  Ga-wajushkokag-sag.  The-plaee-of-muskrats- 
lake. 

209.  The  lake  —  nameless  on  the  map  —  between  Bonnd  lake 
and  Shell  lakejust  south  of  road  to  Leech  Iake,i8  0a-Bhagawiga- 
mag.     Tbe-long-narrow-lake. 

201.     The  large  lake,  nameless  on  the  map,  three  miles  north  of 
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Shell  lake,  is  Ga-kitchigamiwnahkokag-aaf ,  meaoiug  the-lakeKjf 
great-rnshes,  (the  kind  out  of  which  the  Indians  make  their 
rush  mate. ) 

202.  The  large  lake,  not  down  on  map,  28  miles  S.  W.  of  Bed 
lake  on  road  to  same,  is  Nio-gade-sag,  or  fonr-legged  lake;  from 
an  old  Indian  of  that  name  who  lived  there. 

203.  The  large  lake,  nameless  on  map,  18  mileB  S.  of  Bed 
lake,  near  road  to  White  Earth  is  Ua-wakomitigweia-sag.  Clear- 
water Eivei-  late, 

204.  Shell  lake,  Becker  coanty,  is  Ga'tchigudjiwegumag-sag. 
Thelake-lyin  g-near-the  -mouu  tai  n . 

205.  Shell  river  flowing  from  above  is  Ga-tchigudjiwegnma- 
zibi.     Mountain  Lake  river. 

206.  The  lake,  nameless  on  the  map,  aboat  nine  miles  directly 
southwest  of  Elk  lake,  so  called,  is  G»-wigobi-minising  or  bass- 
wuod-little-ialand-lske. 

207.  Toad  lake  is  Afnknki'^ag,     Toad  lake. 

208.  Toad  river  is  Mnkuki-sagaiiguniwi-zibi.  Toad  lake 
river. 

209.  Lake  Colton  or  Cafton,  south  of  Tamarack  lake,  is  Ga- 
minieabikowung-sag.     The-lake-with-the-rocky-island. 

210.  Tamarack  lake  is  Ga-mushkigwatigokag-sag,  or  the- 
plaee-of-tamaracka-lake. 

211.  Plat  lake  is 

212.  Straight  lake,  Ga-gwaiukwitgweiag-sag.  Straigh^flow- 
icg-lake. 

213.  Straight  river.  Ga-gwaiukwitigweia-zibi.  Sti-aight- flow- 
ing-river. 

214.  Buflalo  lake,  Becker  county,  is  Obiningntoway-sa^.  The 
lake-where-it-keepB-Crumbling-avay-from-tbe-beaver's-gnawing. 

215.  The  river  flowing  thence,  on  map  BoffUlo  river,  iaObinin- 
gutoway-zibi.  The-river-where-it-keeps-crambling-away-from- 
th  e-g  □  a  w  i  ng-of-beavers. 

216.  The  river  —  nameless  on  map  —  which  comes  from  Audo- 
bon  and  flows  into  the  above  is  called  Pijikiwl-zibi,  or  Buffalo 
river,  from  the  fact  that  buffaloes  were  always  found  wintering 
there.  Hence  the  white  people  have  erroneously  called  the 
whole  river  Buffalo  river. 

Source  and  course  of  the  Pelican  river. 

217.  Lake  Gilchrist  is  N'ishiwe-s^.  All-murdering-lake. 

218.  The  stream  thence  is  called  Nishiwe-sagaliguniwi-zibi- 
-wishe  or  mnrdering-lake-creek,  to  Floyd  lake. 
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219.  Floyd  lake  is  Migizi-wuziawnai-sag,  or  Eagle's  Seat 
lake. 

220.  Tbe  creek  thence  flowiog  is  Migizi-wuziswaDl-zibiviBlie, 
or  Eagle' a-Neet-creek. 

221.  Kext  lake,  Dameleaa  od  map,  is  ManominigaDjikt-sag  — 
north  of  Detroit — the-lake-in-which-wild-rice-grows,  or  wild  rice 
field  lake. 

222.  The  creek  thence  dewing  is  Manominiganjiki-zibiwishe. 
Bice-growing-creek,  to  Detroit  lake. 

223.  Detroit  lake  is  Ga-ajawaaugag-sag.  The-lake-ln-which- 
thereia-eroaaing-on-the-aandy-  place, 

224.  The  river  flowing  thence,  marked  on  some  maps  Pelican 
river,  is  Ga  lyawaangarsibiwishe,  or  Detroit-lake  river. 

225.  The  next  two  lakes,  on  some  maps  called  lakes  Solly  and 
and  Amelia,  are  Ga-nijo-guraag.     Twin, lakes. 

226.  The  next  lake,  nameless  on  any  map,  throagh  which  the 
river  flows,  a  small  one,  is  called  Ga-bimi^i-sagitawagsag,  or 
Th  e- lake -which -is-aquarely- do  wed -across  (by  the  river)  at  its 
oatlet. 

227.  The  next.  Pelit^n  lake,  on  map,  throagh  which  the  river 
runs,  is  Ga-pnshkodewegn mag-sag.  The-lake-with-the-smooth- 
sho  rn  -  prairie  -  com  i  ng-dow  n  ■  to  -  i  t-o  n  -  0  D  e  -  side. 

228.  Lake  Lida,  aa  it  is  put  down  on  the  map,  the  next 
through  which  the  river  runs,  is  Sbede-sagaiignn-^avakwa,  Pel- 
ican-lake- beyond- the- timber,  to  distinguish  it  from  the  other 
Pelican  lake. 

[N.  B. — Both  parts  of  this  great  lake,  separated  by  a  narrow  ameemaj  over 
which  n  road  now  nms,  are  called  bj  tbe  same  name,  Pelican  lake.] 
(229  is  wanting.) 

230.  The. river  flowing  thence  is  called  Shede-st^aiiguniwi- 
zibi,  or  Pelican-lake  river. 

231.  Prairie  lake  isOobe-sag.  Oobelake,  from  an  old  Indian 
of  that  name  killed  there  by  Sionx. 

232.  Fergns  Falls  is  Kakabikans.  The-little-squarely-cnt-off- 
rock,  or  little  fall. 

233.  The  lake,  nameless  on  the  map,  sonthwest  of  White 
Earth  lake,  on  right  hand  of  road  leading  to  Leech  lake,  is 
Pugitawewin      The-plaee-of-aetting-nets. 

234.  Thelake  —  nameless  on  map — 6miles  sooth  of  lakeltasca, 
has  no  distinctive  name  given  to  itj  is  called  merely  Sagaiigun. 
The  lake. 

236.     The  lake — nameless  on  map  — 12  miles  south  of  lake 


.vGoogIc 


STATE  OEOLOQIST.  467 

Itasca,   is  Tchigadjiwegnmag-sag.     The-lake-lying-along-by-th*^ 
tnoantaia. 

236.  FiBh-HooklakeisPagidabaDi-sf^aiiguD.  Fish-hook  lake. 

237.  The  lake — nameless  on  map — just  north  of  Fish-book,  is 
Qa-Dijo-s^wnng.     The-lake-withtwo-outletB. 

238.  The  river  flowing  south  from  Fish-hook  lake  is  Pagida. 
bani-zibi.     Fish-hook  river. 

239.  Pine  rivcroDMississippiisShingwako-zibi,  or  Pine  river. 

240.  White  Fish  lake  insame  locality  is  Oa-atlkamegokag-sag. 
Tlie-place-of-whitefi9h-]»ke. 

241.  Gross  lake,  S.  E.  of  White  Fish,  is  Ga-bimidjigamag-B^. 
The-lake-which-the-river-flows-directly-rtcrosB. 

242.  Daggett  Brook  lakes  are  Tchigawc-sag.  Gutting-the-hair- 
ofT-the-skin-lakes. 

243.  Crooked  lake  is  Wewagigumag-sag.    Crooked  lake. 

244.  The  lake,  nameless  on  map,  jast  east  of  Crooked  lake, 
almost  tOQchiag  it,  is  Bake -sagita wag.  A-lake-forming-the-arm- 
of-river. 

24.5.  The  next  lake,  nameless  on  map,  northeast  of  last,  is  Gla- 
shagawigumag-Si^.     The-long-narrovr-lake. 

246.  The  next,  nameless  on  map,  is  Mauominiganji-kans.  The 
little-place-of-wild-rice-gro  wing-lake. 

247.  The  little  lake,  nameless  on  map,  between  Wbite  Fish 
lake  and  Cross  lake,  is  Shiugwakosagibid-sag.  The-lake-of-the 
pi  ne-Bti  cking-op-outrof-the- water. 

248.  The  first  enlargement  on  Pine  river  proceeding  from 
the  Ml88i»sppi  is  Bakweiawibia,  meaning  an  enlargement-of-tbe- 
river. 

249.  The  next  is  Ga-bagwag-6ag.     The  shallow  lake. 

260.  Korwaylake  is  Ga-tchibo- sagita  wag.  Thelake-where- 
tho-river-goes-qnartering-across-it-diagonally,  not  straight. 

251.  Pine  lake  on  Leech  lake  road  is  Ga-tchigudjiwegamag. 
sag.     The-lake-lying-near-the-mountain. 

252.  The  lake  —  nameless  on  map  —  two  miles  east  of  last  is 
Ma  Domini ganijlkaos.     The- little-place-of  wild- rice. 

253.  The  next  lake  east — nameless  on  the  map  —  is  Makmi- 
diwi-sag.  Plnndering  lake;  no  doubt  from  the  pill^e  which  once 
took  place  there,  from  which  the  Pillagers  took  their  name,  as 
recorded  in  Warren's  History, 

254.  Lake  Lottie  is  Metawanga-«ftg.    Sandy-beach  lake. 

255.  The  lake — nameless  on  the  map  —  two  mites  S.  W. 
of  lake  Lottie  is  Iqaewi-sag.     Woman  lake. 
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266.  The  lake  —  nameless  on  the  map  —  two  milee  N.  W.  of 
last  is  Wibogijigikag-sag.      Cedar-narrowR  lake. 

257.     Woman  lake  is  Iqnewi-sag.     Woman  lake. 

268.     Little-bof  lake  is  Quiwizeusiwi-sag.    Boy  lake. 

[N.  B.— ThB  last  two  named  are  ao  called  ftoin  womea  and  boys  respectiTOlj. 
they  baTing  lieen  kiUeil  in  those  taken  by  the  Sioux  dnrinfc  an  innptioii  made 
by  them.] 

259,  The  lake  —  nameless  on  the  map — sonth  of  Boy  lake  is 
Wabnto-sag,  or  Mushroom  lake. 

2(J0.     Boy  river  is  Quiwizensiwi-zibi.   Boy  river. 

261.  The  enlai^ement  on  Boy  river  is  ManomiDigaojiki,  or 
The-rice-field. 

262.  Boy  lake,  next  to  Leech  lake,  is  Qui  wizens!  wi -sag.  Boy 
lake. 

263.  The  sporof  a  lake,  nameless  on  map,  ranning  S.  El.  from 
Boy  lake  is  Ningitawonan-sag.     Separating-canoe-route-lake. 

264.  The  lake,  nameless  on  map,  in  which  the  last  mentioned 
heads  is  Mikinako-«ag.    Turtle  lake. 

265.  Two  little  lakes,  on  thread  of  above  stream,  before  com- 
ing to  Turtle  lake,  nameless  on  map,  are  Mushkigwaguma.  The 
Swampy  lakes. 

266.  Big  Bice  lake,  in  which  heads  Willow  river,  is  lU^odaisbi- 
ban,  meaning  the-place-of-hnoting-ducks,  i,  e.  iirom  the  multi- 
tude of  ducks  going  there  to  eat  wild  rice. 

267.  Leech  lake  is  Ga-sagasquac^imekag-ssg.  The-place-of- 
the-Leech-lake;  from  the  tradition  that  on  first  coming  to  it,  the 
Chippeways  saw  an  enormous  leech  swimming  in  it. 

268.  Ten-mile  lake,  N'amegosi-sag.    Trout  lake. 

269.  The  large  promontory  in  Leech  lake  stretching  N.  E. 
toward  Cass  lake  is  Shingwakoneasbi,  or  Fine  point. 

270.  The  lake — nameless  on  map  —  directly  south  of  Ten- 
mile  lake  is  Oa-wigwasensikag-sag.  The-place-of-little-bircbes- 
lake. 

271.  Long  lake,  soatfa  of  Frazee  City,  is  Oa-gawandjikag-sag. 
Juniper  l^e. 

272.  The  lake,  nameless  on  map,  north  of  last  is  Oa-ishwas- 
somikwed-sag.     £ight-beaver  lake. 

273.  The  two  little  lakes  east  of  last  are  called  Manido-sag- 
aiiganun.     Spirit  or  Qod  lakes. 

274.  The  somewhat  large  lake  east  of  Frazee  City  and  north 
of  the  Northern  Pacific  railroad  is  Oa-ajawitawangans-sag.  Tbe- 
lake-with-a-little-crossing-on-bar-of-land-aoroaa-it. 
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276.  The  lake,  nameless  on  mnp,  vest  of  Otter  Tail  lake, 
north  part,  is  Ga-bitawigamag-sag.  Parallel  lake  or  Double  lake, 
from  its  lying  parallel  or  double  with  Otter  Tail  lake. 

276.  The  lake  S.  W.  from  Leaf  lake,  marked  lake  Qodard 
on  maps,  is  Qa-ajavaaDgans-sag.     The-lake-with-the-crossiag-on-  , 
a-spit-of-saad,  so  named  from  the  little  portage  of  sand  from  it 
into  Leaf  lake. 

277.  Leaf  hills  are  Oaskibagwudjiwe.  Rnstliag-leaf-mountaia. 

278.  Leaf  lake,  Craskibugwudjlwe-sag,  or  Bustling -leaf -moan - 
tain  lake. 

279.  Leaf  river,  Oaskibugwudjiwe-zibi.  Bustling-leaf-moan- 
tain  river, 

280.  Partridge  river  isBine-zibi.     Partridge  river. 

281.  Battle  lakes  are  Ishkwamdiwini-sag.  Mutnal-exter- 
minatiou  lakes. 

[N.  B. — A  greut  slaughter  nfcChippewaya  by  Sioux  t<H>k  place  there  loaay 
yeaia  ago.] 

282.  Lake  Clitheral,  Qagawandjikag-s^.   Juniper  lake. 

283.  Lake  Stellar  in  Tordenskjold  township,  Otter  Tail  county, 
is  Odadjigaoni-sag.    Garfish  lake. 

284.  The  river  coming  from  last  is  Odadjigaoiii-zibi.  Oar&sh 
river. 

285.  Lake  Christianson  is  Oa-wnbatawangag-sag.  The-lakc- 
■ffith -the-contracted -place- formed- by-an-isthmns-of-sand. 

286.  Lake  Porame  de  Terre  is  Opinikani-sag.  The-place-of- 
wild-potatoes-lake. 

287.  The  river  running  from  same  is  called  Opinikani-zibi  ■ 
The- place-of- wild -potatoes- river. 

288.  Two  Elbow  lakes,  southwest  of  Pomm*!  de  Terre,  are  Ga- 
odoskwnnignmag-sag,  or  Elbow  lakes. 

289.  The  lake  —  nameless  on  map  — in  Eagle  Lake  township 
is  Migizi-wnziswuni-sag.  Eagle's  Se»t  lake. 

290.  Osakis  lake  is  Osagi-sag.   The  Sauk's  lake. 

291.  Crooked  lake  near  Osakis,  Wewagigumag-Hug,  i.  e. 
Crooked  lake. 

292.  Sauk  lake  is  Kitchi-o-Si^i-sag.  The  great  lake  of  the 
Banks. 

293.  Birch  bark-fort-lake, Ga-wigwassensikag-sag.  Theplace- 
little-birches  lake. 

294.  Long  Prairie  river,  Ga-shagosbkodeia-zihi.  Long-nar- 
row-Prairie  river. 

295.  Sank  river,  Osagi-zibi.     The  river  of  the  Sauks. 
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296.  Minnesota  river,  Ushkibugi-zibi.     Oreenleaf  river. 

297.  St.  Paul,  Ushkibngi-zibi.   Greenleaf  river, 

298.  Minaeapolis,  Kitchi-kakabika.  The  Oreat  Fall;  very 
literally,  the  great  squarely-cut-off  rock. 

299.  Gull  lake,  Oa-gaiashkoazikag-sag.  The-place-of-yoaog- 
gnlls  lake. 

■SOO.     Koand  lake,  Ga-wawiiegnmag-sag.     Roaud  lake. 

301.  Gabert  lake,  Ga-manominiganjikag-sag.    Wild-rice  lake. 

302.  The  DOithera  proloogation  of  Gull  lake  is  called  Ga-gia- 
ogamans.     Tbe-Iittle-long  lake. 

303.  Crow  Wing  river,  Gagagiwigwuni-zibi,  Baven-feather- 
river. 

304-  Nameless  lake  —  on  map  —  7  miles  N.  W.  of  Park  Bapids, 
Hubbard  county,  called  by  whites,  Elbow  lake,  is  Ga-ai^udje- 
qaatigveiag-sag,  means  very  literally,  "Tbelake-into-wfaieh-the- 
river-pitches-and-ceases-tO'flow;  — dies  &ere."  (That  is,  it  has  no 
outlet.) 

,305.  Mille  Lac  lake,  misa-sag.  An  Archaic  word  meaning 
every-where  lake  or  Great  lake. 

306,  Crow  Wiog  village^  Ningitowitigweia.  The-forkiug-of- 
the-rivers. 

307.  Gull  river,  Ga-giasbkonsika-zibi.     Gull  river. 
.     308.     Nokesippi  is  Uoke-zibi.     Noke's  river, 

[N.  B. —  Noke  U  a  man's  name,  tband  odI?  among  the  dudemoT  ClftD  of  the 
Bean,  so  tbis  meaos  "  the  dodem  of  the  Bear's  river."] 

309.  Lake  Alexandria  neaiFort  Ripley,  Shnmano-sag.  From 
an  old  Indian  named  Shumanons,  who  lived  there  long  ^o,  from 
whom  the  Indians  named  the  lake. 

310.  Little  Elk  river,  Omnshlcozo-zibi.     Elk  river. 

311.  The  prairie  noith  of  Belle  Prairie,  where  the  railroad 
runs  along  the  river — Tchi-kishkutawangag,  Meaning  Big- 
cnt-sandy-bank-place. 

312.  Little  Falls,  Eakabikans.     The  Little  fall. 

313.  Swan  river,  Wabiziwi-zibi.     Swan  river. 

314.  Two-rivers,  Ga-nijotigweiag-zibi,     Two-flowing-rivers. 

315.  Long  lake  on  Nokezippi,  Gaginogumag-sag,   Long  lake. 

316.  Bound  lake;  small  lake  down  the  stream,  Noke-sag. 
Noke  lake. 

317.  Platte  lake,  Peqoisbino-si^.  Hump-afi-made>by-a- man- 
lying- on -his-hands-and -knees-lake. 

318.  Platte  river,  Pequishino-zibi.  Uump-as-made-by-aman- 
lyiug-on-his-hands-and-knees-river. 
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319.  Small  lake  —  nameless  on  map — at  Gravelville,  !N'iBawu- 
dina-aag.    Ijake-in-the-midst-of-moantainB. 

320.  Little  Bock  river  —  Piquabika-zibi,  Little  Bock  river, 
meaning  the  river  where  the  little  rocky  hills  project  out  every 
once  in  a  vhile,  here  and  there. 

321.  Sisseton  Agency,  Bak.  Ter.,  Ogimawadjin,  or  King 
moantaio. 

322.  FrazeeCity,  MinQ.,Ga-8habwakwumok."Where-the-road- 
passee-oat- of-tbe-tim  be  r. 

323.  Lake — nameleee  on  the  map  —  noith  of  Manter,  Hab- 
bard  connty,  Ga-t^ikatanaugokag-sag.  The-place-of-tbe-Hzards- 
lake.  ' 

324.  Bed  Eye  river  —  Miskoskindjigo-sibi.      Bed  Eye  river. 

325.  Lake — namelees  on  map  —  8  miles  directly  vest  of  10- 
milelake,  Ga-t^ognne-mnshkodevnng-sag.  Thc-lake-witfa-prairie- 
oQ-one-side. 

326.  Shingobi  miQisensiwi-zibi,  a  river  running  into  Leech 
lake,  is  correctly  named;  means  Little-balsam-island  river. 

327.  The  lake  —  nameless  on  map — 3  miles  west  of  that 
river,  being  the  first  from  Leech  lake,  is  Ga-ginogumag-sag. 
Long  lake. 

328.  The  next  is  Ga-onaniaDikiig-sag.     Vermilion  lake. 

329.  Eabekana  lake  is  correct — means  The-end-of-all-roads 
lake. 

330.  !N'iki-miniBS  is  Ooose  island  in  Leech  lake;  correct. 

331.  Bear  island  is  Muko-miniss;  correct. 

332.  Pelican  island  is  Shede-minisB.     Pelican  island. 

333.  The  point— nameless  on  map — running  south  into 
the  centre  of  Leech  lake  is  Nigigwanow.     Otter  Tail. 

334.  Grand  Bapids,  below  Pokegama  fall,  is  Ga-ganwadji- 
wanang.     The- long- rapids. 

335.  White  Oak  point  is  Nemijimijikan.   White  Oak  point. 

336.  Pelican  lake,  north  of  Gull  lake,  Shede-sag.  Pelican 
lake. 

337.  Pike  lake,  near  Mille  Lac,  Wijiwi-sag.  The-lake-full- 
of-muskrat-honses  or  beavers. 

338.  Heron  lake,  north  of  Mille  Lac,  Pepiqueweg-Si^,  Echo- 
lake,  means  where  the  sonnd  of  a  call  returns  in  an  echo. 

330.  Mud  lake,PepoBhkodji8hkiwugag-sag,  means  Thick-mnd 
bnt  smooth  as  it  were  shorn  lake. 

340.  Cedar  lake  — near  Aitkin  —  Garmisqnawakokag-sag. 
Bed  Cedar  lake. 
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341.  Serpent  lake,  Newe-sag.    Blow-snake  lake. 

342.  Babbit  lake,  Wabozo-wakaiigani-sag.  Babbit' a- House 
lake. 

343.  Og^hie  lake,  the  uearest  oatlet  of  Mille  Lac,  is  N^etami- 
gamag,  meaning  First  lake. 

344.  Xeeeawe  —  next  lake  on  river  —  ia  Nessawegttmag.  Mid- 
dle lake.  * 

345.  Onamnni  lake  ia  Eshquegumag.     The  last  lake. 

346.  Bnni  river  is  Missa-sagaiiguniwi-zibi.  Mille  Lac  lake 
river,  literally  Everywhere-lake  river. 

347.  Princeton  isNingitawitigveiang.  The-place-where  the- 
rivers-fork.     - 

34S.  Hanging  Kettle  lake  is  Akik-agodjina-sag.  Hanging 
Kettle  lake. 

349.  The  lake  —  nameless  on  map — just  east  of  the  middle  of 
Mille  Lac  and  very  near  to  same  is  Mishidonsbi-wakaiignni-sag. 
The  miserably -bearded -one's- house-lake.  This  is  so-called  from 
a  Frenchman,  a  trader  wUh  a  thin  gtraggling  beard,  who  had  bis 
trading-post  at  this  lake. 

350.  Skunk  river  is  Shingwakozowe-zibi.      Pine-tail  river. 

351.  The  island  in  S.  W.  part  of  Mille  Lac  iB  Kitchl- 
miniss.'   Big  island. 

352.  The  small,  three-pronged  lake  —  nameless  on  map  — 
S.  W.  of  trading  post  at  N.  E.  corner  of  Mille  Lac,  is  Pnpuah- 
qua-minisseasiwi-sag.     The-little-shorn  or  cleared  island  lake. 

353.  Island  —  nameless  on  map — in  Leech  lake  on  way  to 
Cass  lake  is  Ajawin. 

354.  Lake — nameless  on  raap^the  first  out  of  Leech  lake 
on  way  to  Kabekona,  is  Wabitigweia-sag.  The-lake-made-by-a- 
eontrattiou-of-the-flowing  of  the  river. 

355.  The  lake  — nameless  on  map  —  to  the  southwest  of  last 
and  very  close  to  it,  i8  Ga-^ftwu8h-qnagnmag.eag.  Green-water 
lake. 

356.  The  river  extending  N.  W.  is  Kabekona-zibiwishe. 
The-end-of-all-roads  creek. 

357.  The  name  of  the  river  extending  from  Leech  lake  up  to 
steamboat  landing  is  Ga-misqaa-wakokag-sibiwishe.  Red  Cedar 
brook  or  creek. 

368.  The  lake  —  nameless  on  map  —  lying  nearly  due  west 
from  end  of  the  last  river,  is  Ga-buke-sagitawag.  The-lake- 
forming-an-arm-  (or  outburst)  of-a-river. 

359.     The   river  —  nameless  on   map  —  running  out  of  last 
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named  lake  N.  W,  toward  Bemidji  lake,  la  Ga-gibinewenitizo- 
zibi.     The-river-where-the-person-hanged-himBelf. 

360.  The  lake  whence  the  above  river  issaes — perhaps  called 
lake  Grave  on  map  —  is  Ga-gibinewenitizo-sag.  The-lake-where- 
the-person-h  anged  -h  i  msel  f . 

361.  Bead  lake  near  Otter  Tail  lake  is  Tchibegumigo-aag,  or 
Honse-of-the-Dead-lake. 

[N.  B.— A  grave  is  cnllod  hooaeof  the  dead,  ftom  tbe  custom  of  the  Indiana 
to  build  the  resemblBtico  of  a  little  house  over  a  grave.] 

362.  The  river  issuiag  from  said  lake  is  Tchibegumigo-sibi- 
wishe,  or  Ho use-ofthe-De ad-creek. 

363.  Star  lake,  is  Shede-sag-nawakw^,  Pelican-lake-in-the 
,  rai<ist-of-the-timber. 

[N.  B. — The  above  name<l  Pelican  laken  were  all  calledMOombeingcovered 
mth  Pelicaois  in  old  times.] 

364.  Brainerd  is  Oski-odena.     Newtown, 

365.  Where  the  Roman  Catholic  church  is,  above  Little  Falls 
is  Kitchi-kitJganes.     The-great-Iittle-field. 

366.  The  German  village,  a  little  higher  up  the  river  than 
Gravelville  lake,  on  Platte  river  is  Babik-wajibikang.  The-place- 
where-the  roeky-strata-nnderneath-keep-cropping-up  in  the 
rocky  mounds  scattered  here  and  there. 

367.  at.  Cloud  is  Sagi-zibi.     The  Sank's  river. 

368.  The  Trading  Post  below  Mille  Lac,  Kibakwaiigun.  The 
Dam. 

369.  Cormorant  lake,  Becker  county,  is  Ga-gagishibensikan. 
The-place-of-little-Cormorants,  i.  e.,  from  their  nesting  there. 

370.  Little  Cormorant  lake  is  Ga-shishibagu mag-sag.  The- 
lake-which-runs-every-which-way. 

371.  The  lakes  at  Lake  Park — nameless  on  map — are  Newad- 
inibngansing-sag,  meaning,  the-lakee-where-there-iire-atreams- 
grovea-prairies-and-a-beautiful-diverHified-park-country. 

372.  Lake  Banice,  Becker  county,  is Ga-gibishesag.  Deaf 
lake. 

373.  The  somewhat  large  lake  —  nameless  on  map  —  up  the 
stream  from  Dead  lake  and  about  two  miles  west  is  Wejawosh- 
qaagnmi-sag,  or  Lake-with-the-water-green-as-grass,  from  the 
intensely  green  color  of  its  water. 

374.  The  good-sized  lake  in  Norwegian  Grove  township 
—  namelesson  map  —  isBimailagutchigiio-sag,  or  Driven-to-bay- 
in-Che- water-lake,  from  the  Sioux  havi  ng  once  at  that  place  sud- 
denly attacked  the  Chippeways,  who  rushed  into  the  water  to 
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escape  from  their  enemies,  who  took  the  Chippeways'  own 
canoes,  followed  them  Into  the  water  and  cut  off  the  heads  of 
many  of  theui  del'enselessly  there. 

375.  The  lake  — nameless  on  map  — two  miles  to  the  north  of 
the  last  is  Ga-miiiissiwnng-Bag,  or  Island  lake,  from  its  islands. 

376.  A  little  lake  —  nameless  on  map  — soath  of  Otter  Tail 
river,  between  Deer  lake  and  Lake-Lying-in-thehollow-of-tbe- 
monnbains  is  Ga-moshkaang-sag,The-l!ike-where-the- water- rises- 
or-doods.  From  a  periodical  rising  and  subsiding  of  its  waters 
like  the  tide,  as  the  Indians  report. 

377.  The  lake  —  nameless  on  map  —  north  of  Otter  Tail 
river,  S.  E.  of  Lake-lying-in-the-hollow-of-thc  mountain,  is  Ga- 
wanushkode weeing  or  Prairie  Circle  lake,  so  called  from  its  shape 
which  is  a  perfect  circle  at  one  end. 

378.  Lake  8t.  Croix  is  Gigo-shugumot.      Floating  Fish  lake. 

379.  Prairie  La  Crosse,  Wis.,  is  Bagauto waning.  The-plaC4t- 
wh  e  re- th  ey  -  pi  ay- bal  1 . 

380.  Prairie  du  Chien  is  Kibi-sagi,  or  The-outlet-that-is- 
stbpped  (that  is  of  the  "Wisconain  river)  by  a  bar, 

381.  Stillwater  is  Gigo-shugumot-odena-ga-tugog.  The- 
town-on-the-lake-of-tbe-floatiug  fish. 

382.  St.  Croix  river  is  Manominikeshi-zibi.  The- rice- bird - 
river.     From  this  river  the  St.  Croix  Indians  take  their  name. 

383.  The  Dalles  of  the  St.  Croix,  Wibodjiwanong.  Therap- 
ids  at  the  contraction  of  the  river. 

384.  St.  Croix  Falls.  Manominikeshi-kakabikang.  The  fall  of 
the  St.  Croix  river. 

385.  Sunrise  river  is  Memokage-zibi.    Keep-sanrising  river. 

386.  Wood  river,  Wigobizibi.     Basswood  river. 

387.  Cheng-watana  is  properly  Tchingwudinang.'  The  steep 
or  abrupt  end  of  a  spur  of  hills. 

388.  Cross  lake,  near  Pine  City,  Bemadjigumag. ,  The-lake- 
wbich'the-dow -cuts- across,  alluding  to  the  river  Sowing  across 
the  lake. 

389.  Snake  river,  Ginebigo-zibi.    Snake  river. 

390.  Pokeguma-lake,  Pokeguma-sag,  or  Knkeguma-sag.  The- 
lake-with-bays-branching-ont. 

391.  The  lake  south  of  Wood  river  in  Wisconsin,  is  Wigobi- 
sag, 

392.  Kettle  river,  Akiko-zibi;  Akik,  kettle;  zibi,  river;  aad  o, 
connective. 

393.  Bear  river  is  Mnko-dasonaguni-zibi.      Trap-for-bear- 
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made-  by-Bometh  i  ng-beav  y-aa-a-1  og-to-ful  1-u  po  ii  -  b  i  m-catch-him-QD- 
der-it-and-crush-bim  river.     Bear-dead-fiLlt-river. 

394.  Tamarnck  river  is  Oft-mushkigwatigok(^-zibi.  Tbe- 
placeK)f  Tamarack  river. 

395.  N'amckagOD-zibi.  The  place  of  Sturgeon  river  or  Star- 
'  geon  river  (Name  of  a  Sturgeon), 

396.  Totogfttic  river,  Totogatik  zibi.    Swamp  tree  river. 
;i97.     Yellow  lake,  Wezawagami-8ag,or  Y«llow-water  lake. 

398.  Yellow   river.  Wezawagami-zibi.     Yellow-water  river. 

399.  Eao  Claire  lakes,  Wis.,  Ga-wakumitigweiagsagaiiganuD. 
Clear  Water  lakes. 

400.  Eau  Claire  river, Ga-wakomitigweia-zibi,  or  Clear  Water 

401.  St.  Croix  lake,  Manominikeshi-zibi-ajaweweaitagnning. 
The- place -of-the- cut-across  or  Portage  into  Rice  Bird  river. 

402.  Lake  Nebegumowin;  correct  meaniug,  The-lake-where- 
tbey-wait-in-cauoes -by- night,  (i.  e.  to  shoot  deer.) 

403.  Lake  Courii  d-0reille8,  Ottawa-sag.     Ottawa  lake. 

401.     Qrindstone  lake  is  Shigwaoabiko-aag.   Grindstone  lake. 

405.  Flambeau  river,  Wasswagnni-zibi.     Torch  river. 

liivers  on  lake  Superior  asfoUotos:  , 

406.  Amiuieou  river,  Aminikan-zibi.    Curing-Fish  river. 
40?.     Poplar    river,    Ga-manazadik^-zibi.      Place-of- Poplar 

river. 

408.  Burnt  river,  Newisakode-zibi.    Burnt-wood-poiut  river. 

409.  Iron  river,  Biwabiko-zibi.     Ii-on  river. 

410.  Flag  river,  Ga-apnkwekag-zibi.     Flag  Ca  rush)  river. 

411.  Cranberry  river,  Ga-mushkigimini-zibi  or  Cranberry 
river. 

412.  Bark  point.  Newigwassikang.     At  Birch  point, 
418.     Siskiwlt  river,  Siskawekani-zibi  or  Siskiwit  river, 

414.  Sand  river,  Ga-gishkatawangawi-zibi,  or  Tbe-river- 
with-perpendicular-higb-cnt-sand-banks. 

415.  Bice  lake  on  White  Earth  Reservation  isGa-manomini- 
ganjikag-sag  or  Tbe-lake-of-wild-rice. 

416.  Little  Rock  river  (flowing  into  Bed  lake),  is  Ga-asiniu- 
sikag-zibi.  Little-stooe-river  or  Gravel  river. 

417.  Mill  creek — Bed  lake  is  Ogakani-zibi,  or  Place-of-Plke- 
fiHh  river. 

418.  The  next  river  N.  R  of  last — nameless  on  map  — 
Ondataonani  -zibi .  The-ri  ver-that-Ieads  -  by  -canoe-to-tha-plafie^f- 
deetination.    (i.  e.  Red  take.) 
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419.  Sandy  river  is  'Waieqaatawaiigo-zibi,  or  the-end-of-the- 
sandy-beacb  river;  becanse  it  empties  at  the  end  of  the  sandy 
beach,  Bed  lake. 

420.  Sesabegnma  lake,  ^.  E.  of  Alille  Lac,  is  Sesabegu-ma-sag. 
Bvery-which-way  lake,  or  the  lake  which  has  arma.rnnaing  in 
all  directions.  ' 

421.  Gtoand-hoose  river,  Aki-wakaiigani-zibi.  Eartfa-honae 
ri  ver, 

422.  Detroit  monntain  (near  Detroit,  Minnesota),  Ashiwa- 
biwin.  Looking-out.  from  the  Sioux  having  been  always  there 
on  top  of  mountain  looking  out  for  the  Chippeways, 

42J.  The  lake —  nameless  on  map  —  called  Oak  lake  by  the 
people  between  Detroit  and  Audubon  on  K.  P.  E.  E.,  is  Ga- 
uiitigomijinskag'S^,  or  Tbe-place-of-little-oaks  lake. 

424.  Fort  Garry  or  Winnipeg,  Mishtawaiang,  a  Cree  word, 
meaning  the-junction-of  rivers. 

425.  Wadena  is  the  name  of  an  Indian  who  lived  at  Qull  lake, 
meaning  Little-ronnd  hill. 

426.  Turtle  lake,  between  Cass  lake  and  Red  lake  ia  correct, 
Mikinako-sag.     Turtle  lake. 

427.  Turtle  river,  flowing  from  the  same,  correct,  Mikinako- 
zibi. 

428.  The  lake,  nameless  on  the  map,  at  the  bead  of  Mud 
river,  which  runs  into  Leech  lake  is  Kitcb-mushkigwa^nmag- 
eag.     Big-swamp  lake. 

429.  Mud  river,  running  into  Mud  take,  is  Pepushkodjiskii- 
wnga-zibi.    Mud  lake  rivpr. 

4,30.  The  two  lakes,  nameless  on  map,  8.  W.  of  No.  428,  are 
Mikinako-sagaiignonn,  or  Turtle  lakes. 

431.  The  large  promontory,  nameless  on  map,  stretching  out 
into  Leech  lake,  westward  from  village  is  Sbiiigwako-neasbi,  or 
Pine  point. 

432.  The  narrows  between  said  point  and  the  mainland  on 
the  north  are  called  Babigowubiguma,  or  the  Flea-narrows. 

433.  Snnrise  lake  is  Memokage-sag,  or  Sun -keep- rising  lake. 

434.  Chippewa  river  is  Ojibwe-zibi.     Chippewa  river. 

435.  Sylvan  lake,  near  Gull  lake,  is  Pindassona^ni-sag,  or 
Fish -trap  lake. 

436.  The  lake  ^  nameless  on  map — nearest  Gull  river  is 
Mesquatawangag-sag,  or  Bed-Sand  lake. 

437.  The  lake  east  of  the  last  named  —  nameless  on  map  —  is 
Ga-mushkosiwa^um^-sag,  or  Hay  lake. 
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438.  Two  Bivers,  down  the  MiBsiasippi  from  Fort  Bipley,  oa 
west  side  of  river,  is  called  by  the  Indians  Opinikani-zibi,  or 
The-place-of-potatoes  river,  from  the  Indians  osnally  finding 
wild  potatoes  there. 

43d.  The  part  of  the  Mississippi  —  nameless  on  the  map  — 
which  flows  between  two  points  in  Cass  lake,  where  the  chnrcli 
is  OQ  one  side  and  the  chief  of  Cass  lake's  hoose  on  the  other  — 
being  less  than  half  a  mile  long  —  is  called  by  the  Indians  Wub- 
itigweia-zibi.  The-river  -  that-flows  -  through  -  the  -  narrow  -  con- 
stricted-place. 
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NOTES  ON  ILL^:NI.— BY  AUG.  F.  FOERSTE. 


The  discovery  in  the  Treiilon  limestone  of  Minnesota  of  aD 
JlUenus  of  the  type  represented  by  /■  pteroc^haltts  of  the  Niag- 
ara Btrata  of  Wisconsin  was  so  unexpected,  that  it  seemed  best 
to  make  a  note  of  this  fact.  This  has  been  the  occasion  of  the 
collection  of  the  few  notes  here  presented. 


rtT.^NUB    (NILEUS)    MINNEBOTENBIB,    Itp.  U. 

Fig.  I. 

Glabella  almost  as  long  as  it  is  wide,  moderately  convex,  the 
anterior  regions  with  greater  cnrvature,  the  margin  ronnded. 
The  facial  sutures  incurved  both  anterior  and  po6t>erior  to  the 
palpebral  lobes,  rounding  into  the  margin  of  the  glabella  in 
front  and  deflected  laterally  posterior  to  the  palpebral  lobes;  the 
postero- lateral  regions  unknown.  The  palpebral  lobes  laige, 
hut  small  in  comparison  with  the  American  species  referred  by 
Billings  to  the  genua  NUeus,  defined  from  the  remainder  of  the 
glabella  by  shallow  curving  depressions  or  grooves.  The  speci- 
men figured  was  flattened  sufficiently  to  display  the  anterior 
regions  to  tine  advantage;  when  the  curvature  of  these  regions  is 
increased  the  palpebral  lobes  have  a  somewhat  more  central 
position  than  figured.  Greatest  width,  between  the  palpebral 
lobes. 
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Length  of  specimen  fignred  10.5  m  m;  width,  between  the  pal- 
pebral lobes,  11.5  m  m;  between  the  untero- lateral  angles,  9.5  m 
m;  convexity,  3  mm. 

Compared  with  NUeua  macrops,  BiU.  and  N.  tcrvtator,  BiU.  the 
palpebral  lobes  are  mach  smaller;  compared  with  JV.  affinis,  BiU. 
the  lobes  are  smaller  and  further  removed  from  the  anterior  mar- 
gin of  the  glabella. 

Locality  and  position.  Trenton  Group,  Mioneapolis,  Minnesota, 
collected  by  Prof.  C.  L.  Herrick.  Type  in  the  cabinet  at  Deni- 
son  University. 

iLL^Nue  HERBirKi,  sp.  n. 
Fig.  II. 

Head  very  convex,  especially  from  the  itnterioi-  to  the  poste- 
rior margin,  much  broader  than  long^,  this  appearanceincreased 
by  the  wing-like  movable  cheeks. 

Glabella  broad,  its  width  equaling  almost  five-thirds  of  its 
length,  .interior  and  lateral  margins  forming  a  broad,  even 
cnrve.  Posterior  margin  indented  forming  three  lobes,  the  mid- 
dle lobe  being  mncb  broader  than  the  others  and  extending 
posteriorly  in  a  prominent  curve.  The  dorsal  furrows  dividing 
these  lobes  are  almost  parallel,  distinct  at  theirongin, becoming 
extinct  before  reaching  the  middle  of  the  glabella. 

The  characteristic  feature  of  this  species  is  a  second  serias  of 
furrows  within  the  dorsal  furrows,  slightly  carved,  faint,  but 
usually  readily  distingnishable.  The  fixed  cheeks  become  atten- 
uated laterally  mei^ing  into  the  palpebral  lobes,  which  are  rather 
pointed. 

Movable  cheeks  extending  diagonally  in  an  antero-lateral  direc- 
tion, wbith  suggests  the  appearance  of  wings,  as  denoted  by  the 
name  of  its  Upper  Silurian  congener;  becoming  attenuated, 
almost  pointed. 

Eyes  sharply  defined  from  the  movable  cheeks  by  deep  grooves, 
decidedly  raised  above  their  area,  giving  the  eyes  a  bulging 
appearance. 

Rostrum,  only  the  anterior  portion  seen,  showing  the  usual 
gr  covings. 

The  surface  of  the  entire  specimen  more  or  less  marked  by 
minnte  pits,  where  the  exterior  crust  is  well  preserved. 

Length  of  specimen  fignred  7.5  m  m;  width,  between  the 
extremities    of   the    movable  cheeks,    15    m  m;    between    the 
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palpebral  lobea,  12.5  m  m;  between  the  dorsal  ftitTOWS,5.7  m 
m;  between  the  secondary  farrows,  2,6  m  m;  convexity,  4  mm. 
Large  specimens  are  found,  the  largest  at  hand  having  a  length 
of  9.2  m  m. 

Compared  with  I.  pt^rocephalwi,  Whilf.  it  is  mach  smaller, 
the  dorsal  farrows  are  not  inclined  towards  each  other  at  so 
great  an  angle,  but  usually  appear  almost  vertical  and  parallel; 
the  movable  cheeks  are  much  more  attenuated.  These  two 
specieB  cominfi;  from  such  diderent  geological  horizons  display  a 
striking  resemblance  in  their  general  form. 

LocalUy  and  position.  Trenton  Group.  Minneapolis,  Minne- 
sota, collected  by  P'-of  C.  L.  Herrick.  Type  in  the  cabinet  of 
Denison  University. 

ILL.IN"Ufi  AMBIOUU8,  FOKKSTE. 
Fig.  HI. 

Glabella  regularly  accurat«  from  front  to  base;  the  anterior 
border  joining  the  l^ial  sutures  with  a  neat  curve;  the  iacial 
sntures  deeply  incurved  anterior  to  the  palpebral  lobes;  the 
palpebral  lobes  prominent,  the  lateral  edges  defined  by  a  broad 
curve;  the  postero-lateral  regions  unknown.  Occipital  furrow 
lees  distinct  along  the  middle,  supplied  with  a  shallow  npward 
extension  at  this  point,  containing  a  distinct  gninule.  An 
indistinct  ridge  extends  from  the  granular  to  the  anterior  mar- 
gin. The  palpebral  lobes  are  strongly  defined  posteriorly. 
Dorsal  fnrrows  deep  posteriorly,  suddenly  becoming  indistinct 
near  the  anterior  regions  of  the  palpebral  lobe,  then  scarcely 
distinguishable,  terminating  in  pits  containining  a'  granule. 
Anterior  to  these  pits  and  nearer  the  lateral  margin  is  another 
granule. 

Length,  19  m  m;  width  between  the  palpebral  lobes,  22  m  m; 
between  the  anterolateral  angles,  19.7  m  m;  between  the 
incurved  portions  of  the  facial  sutures,  17.5  m  m. 

When  this  specimen  was  first  studied  it  was  considered  a  new 
species  related  to  I.  ambiffaut.  Its  anterior  mai^n  is  more 
rounded  than  is  usual  in  that  species,  and  the  width  between  the 
antero-lateral  angles  is  relatively  smaller. 

It  is  at  least  interesting  as  representing  a  slightly  different 
phase  of  I.  ambigwu,  which  usually  has  a  broader,  lees  carv-ed 
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anterior.     These  (UstinctiouB  alone,  hOTrever,  could  scarcel;  be 
ranked  as  specifio. 

Locality  andposUion.  MifBintown,  Pa.,  in  the  Kii^ara  Group, 
Rogers'  Collection.  Mnseum  of  the  Boston  Society  of  Xataral 
History,  No.  5074. 

ILLENU8  INBIGNIS,  HoU. 

PL  XY.Fig  5,  Ohio  Fal.  Vol.  I. 

The  Ohio  species  from  the  Guelph  series  were  referred  by 
Meek  doubtfully  to  I.  insignia,  the  chief  trouble  being  due  to  the 
form  of  the  pygidia.  The  glabellffl  are  variable  as  might  be  ex- 
pected in  a  species  of  considerable  distribution,  but  numerous 
specimens  from  Ohio  leave  no  doubt  of  their  identity  with  the 
glabellce  from  Wisconsin.  The  association  of  pygidia  in  the 
Wisconsin  specimens  was  chiefly  a  matter  of  eoujecture.  In 
Ohio  we  have  been  more  fortunate  in  finding  specimens  with  the 
pygidia  attached.  Figure  14  of  plate  22,  in  the  twentieth  Re- 
gents Beport  of  the  New  York  State  Cabinet,  therefore  does  not 
belong  to  J.  htsiffnis,  and  the  glabella  is  the  only  available  por- 
tion for  identification.  Taking  the  pygidia  of  the  Ohio  speci- 
mens as  typical,  we  find  that  I.  insignia  aod  I.  ambiguua  are 
closely  related,  as  was  suspected  from  the  very  first.  I.  ambiguus 
is  found  in  the  base  of  the  Niagara  series  in  Ohio,  here  known 
as  the  Clinton  group,  J.  insignia  is  found  at  the  very  summit 
of  the  same,  the  ec[uivalent  of  the  Quelph  strata.  As  I.  Serrichi 
is  the  fore-runner  of  I.  pterocephdlus,  so  I.  ambigitua  is  the  fore- 
runner of  I.  insignia.  The  last  two  species  are  readily  distin- 
guished by  the  greater  width  of  the  glabella)  between  the 
antcro-lateral  margins  or  angles  in  I.  ambiguus,  and  the  conse- 
quent greater  prominence  of  these  angles.  The  pygidia  asso- 
ciated by  Hall  with  I.  insignia  are  also  found  in  Ohio,  but  not 
in  connection  with  the  glabellte  referred  to  X  inaignia.  I  l«arn 
from  Lieut.  A.  W.  Vogdes  that  Prof.  Whitfield  considers  the 
association  of  the  pygidia  by  Prof.  Hall  as  incorrect.  I  gladly 
quote  his  authority  as  far  as  the  occasion  gives  me  warrant. 
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Agwnok  lake _ 1«7,  169,  170,  378 

A^lomerate,  of  Lairson 'JOl 

Alpha  lake 156,  157 

AltemtioDB  of  sedimentB 193,  195,  196,  345,  348,  353,  355,  361,  406 

Altenift«ousofgchi8tatidgneisB,96.  97,  100,  101,  102,  104,  105,  109,  110, 

112,  114, 115,  116,  117,  119,  127,  128,  130,  176,  288,  296,  407,  410 

Animikie  locks 329,  356,  381 

Archway  rapids 344 

AKhilectnTal  stones 206 

Ari5iUyt.es,  dUtribntion  of. 175,  179,  185;  origin  of  104 

Argillyte,  near  Tower,  A  phafteof  the  Bericitic  achist 267 

Arthur,  Prof.  J.  C 2,      3 

Armstrong  river  and  bay ■. 29 

AssistAQts  in  1886 „ 2 

Angitf^  ciystaJs 343 

Axes  of  cryBtalB  and  planes  of  bedding It^,  339 

Avis  island,  of  Vermilion  lake 287 

"Baked  clay" 230,  257 

Basawood  lake 92,  176,  177,  178,  184,  356,  406 

Barometrical  elevations 382 

Baosman,  Julian 338 

Bailey,  L,  W.,  Jr 2 

Bayley  cited 201 

Bearings _ 16,  264 

294 


Bedded  granite  and  syenite 99,  100,  107,  127,  188,334,361 

Beef  bay 278 

Bed  defined „ 18 

Bedding  stractnie  defined ,  263 

Beta  lake .156,  157 
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Biich  point,  of  Termilion  lake 281 

Birch  lake  and  river 319 

Birkinbine,  John,  cited 260 

Birch  lake  of  the  Canadians 120,  140 

Boot  lake 131 

Boot  lake  cteok 132 

Botanical  report _ 3 

*Bonldeta,  188;  qnick  change  with  tbe  nnderying  roek 333 

"Bonldeta  of  disintegration" 350 

Bonldere  of  magnetic  iron  ore,  214;  of  oonglomenil« 274 

Boniders  in  the  ^tantz  island  conglomerate,  spprcssed 311 

Black  Rlate,  near  Tourer a69 

Black  Dnck  point,  of  Vermition  lake 2H2 

Breccia  of  jaapilyte a","'il,  *i,  231,  248 

Breccia  of  mica-scliist  cemented  by  granite 333 

Breitnng  mine 249,  270 

Brick  cloy,  at  Hoodoo  point 'iTj 

Bomtflidelake 134,175,  176,  177,  17^  IW4,  101,  ^>e 

Byrne,  E .•■10),  328 

Caleite 30,  04,  »5,  an 

Campers'  island ISI,  156,  ISS.  Ufi,  161,  IBi,  IrtTi 

Cap  lake i:CJ.  I;« 

Carp  hike IIH,  l.;0.  l4fS   177 

Catrtail  lake 2H 

''Chakedouic  silica,"  220j  its  weathered  condition,  232,  261;  at  the  depth 

of  75  feet - 2r* 

Charalierlin,  Prof.  T,  C,  cited .■. 351 

Chemical  silica  distinguished  from  "Cbalcedonic  silica" 232,  -Ua 

Chester,  Prof.  A.  II ^ 2W 

Chippewa  geographical  names i 44» 

Chlorite  gneiss IIW,  17S 

Chlorite  granite ll* 

Chlorite  hypoHyeuite liKi,   ]i»6 

Chloritic  rocks  considered  emptiTe 60,  221,  ;(-i«,  327,  3  .'t 

Cbloritie  schists 175,  327 

Clay  slate  near  Tower 'JffJ 

Cleavage,  slaty,  defined ^'IH 

Communi ration,  means  of. Mi 

Completiou  of  the  survey 'idii 

ConelnsioDs,  tentative  only 4 

Con/ormily  hetwecn  crysfcilline  schists  and  gneisses I7N,   Ifl,  2JNi 

Conglomerate  on  the  "North  Ridge"  near  Tower,  274;  of  Stniitz  isliiiul, 

309;  origin  and  nntnrc  of,  at  Stnntz  island. 311 

Contactof  (like  on  Rchist,  323;  of  syenite  and  gabbro,  344,  346;  genera  ized 

section 3«l 

Conglomerate,  Halt  0 '.'2 

Conglomerate  at  Kckekabtc  lake,  366;  at  Ogishke  Hnacie  lake :i' !) 

Cougloiuerate  changed  to  porphyry _ 3li0 
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Copelaud's  lake 342 

Crooked  lake 110,  185 

Cruali,  prof^reagive  changes  in 203 

Ciystolline  scliista,  belt  of,  4,  175;  sedimentoiy  origin  of. 193,  297 

CiTirtalliiie  schiatB,  poHsible  emptive  origin  of. 356,  338 

Definitions  of  terms 17,  983 

Beltalake : J56,  157 

Denndation  of  the  region..! 1P9, 192,  363 

Diabttse  defined 17 

Diabase  at  Garden  lake,  326;  on  the  Kawishiwi 346 

Dikes  and  veins 18fl 

Dike  lake 156,  159,   180 

Dike-like  forms,  in  geDeml.  180,181,  187;  origin  of,  197,  238,  243;atStautz 
island,  23;  in  itonmines,  24,  25,  23),  339;  on  Long  lake,  56,  321;  on 

Ensign  lake,  136;  on  lake  Kekekaliic "155 

Dike  of  chlorite  rock,  aasuppueed,  60, 33-i;of  grannlyte 86 

Dikes  as  interbedded  schists 200,  201,  308 

Dikes  in  two  positions 198 

Dip,  defined 264 

I>LrectionB,  bow  referred 264 

Disappointment  lake 127,  206 

Disturbances 100,  195,  198,  236 

Dodge,  Prof,  J.  A.,  analysis  by 212,  343,  423 

Drift 188 

Drift,  materials  on  the  Sonth  Ridge 269 

Drift  at  Dnnka  river,  northward  transportation ., 340 

Drift,  absence  o^  at  Wild  lake,  etc 350 

Dnnka  river 340 

Eamee,  Henry  H 218 

Eagle-nest  lakes 30,  174,  180,  206 

Economic  piodncts 205 

East  Ely  mine 225,  252 

East  Tower  mine 251 

Elevations 382,  427 

Ely  iron  mine 25,  252 

Ely  island,  of  Vermilion  lake 304 

Ensign  lake 133,  174,  176,  206,  368 

Ensign  river 134 

Epidioiyte 108 

Epidote 30,  180 

Epsilonlake 156,  157 

Eniptive  rock,  non-chlorite  schist,  220,  267;  at  Eawasachong  falls 323 

Eiploration  for  iron 182,  217 

Explorations  east  of  Tower 261 
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Faalted  graywacke  slate 18,  237,  279 

Fermglnization  of  brecciM 232 

Ferruginization  of  original  carbonatee S46 

FerrnginiKstion  of  Bericitic  Bchist 2113 

Flagstonee 205 

FlaHh  lake 125 

FlowEige  stincture  in  a  dike 323 

Flowage  lines. _ 158,  323 

"Flowage  structnre"  in  tbe  jaspilyte 234 

Foerate,  Aug.  F 478 

Foliation  defined 2«S 

FoliatioD  doe  to  origin ial  sedimentation _  284 

Folda  discussed 180,  191,  199 

Fox  lake 166,  167, 168.  376 

Fragments  of  gneiss  iugneiaa 109,  110 

Fragments  of  gneiss  or  granite  in  achiBta 80,  84,  87,  88,  89,  97,  100,  110,  114 

130, 135,  136 
Fragmeut8orschiBtingneiasorgran!te...76,  77,  76,  79,  80,  86,  97,  96,  100,  110 

114,  117,  178 

Fragments  of  mica-schist  in  syenite 290 

Fragments  of  gneiss  in  syenite 97 

Fragments  of  gninulyte  in  schists lOS 

Fragments  of  graywacke  in  fine  grayws^ke  and  in  argillyte 23T 

Fragments  of  srgillyte  in  graywacke ....' -237,  241 

Ftaser  lake 135,  147,  162,  360 

Friday  lake 71,  175 

Frost,  action  in  destroying  iock-blu& 405 

Gabbro,  defined,  17;  occnirenceof. IS2 

Gabliro  containing  iron  ore 213 

Oabbro  on  Birch  lake,  332;  on  Gabbro  and  Bald  Eagle  lakes „ 343 

Gabbro  on  Dnnka  river,  341;  ilfl  relation  to  the  sedimentoriee 348,  3S3 

Gabbro  lake 343 

Gabbrolyte 170,  171 

Gabbroloid 148,  155,  W2,  183 

Gftbimichigama  lake 1S7,  170,  185,  206,  375 

Gamma  lake 156,  157 

Garden  lake 67,  174,  177,  164,  191.  326 

Giarden  lake,  nature  of  ore  at _ 222 

General  geological  map 388 

General  theoretical  section 354 

Gem  lake 174 

Geographical  names  from  the  Chippewa 448 

Geological  history  of  the  region 183 

Geological  details 263 

Geology  of  the  hematite  ores 216 

Geology  ifiland 81,    83 

Gilfillan,  Rev.  J.  A 451 

GLwial  stria 1B8,  385. 
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Gneiss  defined 17 

Gneies  and  schiBta  inteibedded 49,  50,*   51 

Gneiseic  foliation 200,  263 

Gneiasic  toclis  defined 17,  263 

Gneiasic  cryBtallines,  nature  of,  176,  181;  areas  of,  177;  sedimentuy  origiii 

of,  184;  anch  origin  diacnssed _ 190 

Gold  aisely  reported 147,  360 

Grsd nations.     See  "  Transitions." 

Granite,  dike-like,  to  be  distingnished  from  gneiss-gtanite 297 

Granite  defined,  17;  not  really  fonnd 119 

Granite  belt 176,  177 

Granite,  primitive 194 

Grant,  U.  8 2,  270,  336 

Grannljle  defined 17 

Graywacke  defined,  17;  described 173,  175,  176,  181,  184,  191 

Grayiracke,  transition  t«  red  syenite 353 

GraywBCke,  diatingished  flrom  diabase 326 

Greenstone  of  Ogishke  Mnntie  lake 156,  182,  193,  371,  373 

Greenstone  at  Eawasachong  [aUa 319 

Greenstone  at  Frog  Rock  lake 372 

Greenstone  aboat  Garden  lake 326 

Hartmnn,  E.,  explorations  by 3S1 

Harvey,  H.  R,  eiplorationa  by 281 

Hatch,  Dr.  P.  L..... 3 

Herrick,  Prof.  C.  L 3 

Henlandite 29,  180 

Hematites,  of  tbe  Vermilion  lange,  216;  origin  of. 333 

Hematit«,  its  relation  to  thestmetnreof  tfaejaspilyte,  231,264;  itschemical 

condition 244 

History  of  the  region 193 

Holes  in  rock 129,  131 

Holway,  E,  W.  D „ 2 

Hornblende,  tntnsition  to  mica 338 

Hoodoo  point 275 

Homfels 186,  191 

Hnroninn  system 195 

Identification  of  rocks 17 

Identification  of  nunemls.. 4 

m»ni,  notes  on  by  Foerste 478 

Illusion  lake 144,  145,  18S,  183,  359 

Ima  lake 135,  144,  145,  182,  360 

Impiovements,  state  of. . 14 

Inland  lakes IS 

Interstitial  silica  at  Tower 345 

Interbedding.     See  "Alternations." 

Interpretation  of  the  iacts 190 

Iron  carbonate 171 
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Itod  depoeite  considered „ _„203,  211 

InFn  ore  at  Garden  lake,  338;  south  from  FM  lake.  325;  south  of  Birch 

lake 341 

Iron  hill  mine,  Cumberland,  B.  I _ S15 

Iron  lake 118,  213 

Iron  locality 69,  32S 

Iron  mines  of  Tower „S4,  M7 

Iron  ore,   stjnctnnil  state  ol^  25;    exploiations  for,   182,    211;  origin  of 

195,  I9S,  345 

Iron  schistB,  place  and  distribntion  of. 182 

Iron  sand 212,  339 

Iron oreaof  Minnesota,  stratigmphic  position,  211;  of  theMesaliitange,  214; 
titaniferous,  212;  non-titaniferons,  216;  hematites,  316;  of  the  Ver- 
milion iron  raDga,  217;    at    Pokegama  falls,   317;  origin  of,    345; 

not  veins,  247;  quality  of, 218,  269 

Isabella  lake 344 

Inring,  Prof,  R.  D.,  cited 245,  246 

Islands  in  Vermilion  lake 317 

Jasper  breccia 20,  21,  22,  198 

Jnspery  batmatite,  Tower 26,  27,  28,  30,     31 

Jaspilyte  defined,  18;  inclosed  in  seiicitic  schist,  21,  22,  66,  69,  222;  in- 
cluded in  gntywBcke J... 67,     68 

Jaspilyte,  origin  of,  265;  223;  relation  to  the  setidtic  schists,  22B,  254;  in 
lenticular  masses,  3:{0,  248,  255;  banding  of,  257;  tran^tion  to  baked 

clay,  357;  transition  to  "chalcedonic  silica,"  264;  local  fusion  of. 2G5 

Jones,  H.  W : 3,  270 

Jordan  creek .' 131 

Jordan  lake 132,  135 

EawasachoDg  fUls _ 58,  318 

Kowishiwi  river 68,  90,  1T7,  319,  341.  346 

Kewatin  series. 4,  199 

Kekekabic  lake _..143.  147,  148,  177,  180,  163,  189,  361 

Knife  lake 142,  148,  185,  381,  411 

Lake  regions  described 18 

Lakes,  inland 16 

Latireutiau  system 195,  300 

Lawson,  A.  C.  on  gneisses 199 

Lee  mine 247 

Limestone  an  original  ingredient  of  the  Vermilion  ore  rocks. 346 

LitOe  Mud  lake 27 

Localitiee  of  iron  ore  observed. 305 

Locality  numbers 16 

Long  lake,... 63,  174,  403 

Lost  lake 98 

AIagnetit«,  int«i8persed  with  hematite „ 344 

Magnetitic  schist 80,  320,  329 
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M(«ne«tod  trap 214 

MalliuanD,  Jolut 317 

Mnrhewlake 213 

Mallmami's  peak 153 

Hap  of  the  iron-bearing  rocks 311 

Melon  lake 142 

HeuaD  island,  of  Vermilion  lake 288 

Menaccanite lOB,  109,  167 

HetAoiorphism  of  the  iron  formation  at  Tower 244 

Bletamorphiam  discloeed lf>3 

Microscopic   work - 1,  3 

Mining  exploitations 27,  32,  219 

Minnesota  Iron  company,  4,  219,  25S;  eqnipment  of  the  mines,  269;  con- 
tracts for  1887 sal 

Mines  east  of  Tower „ 261 

Hica-scbist,  nature  of  veins  and  flasnres  in 287 

Miea-achist,  contonnsble  transition  to  granite 296 

Hica-schist,  breccia  in  granitA,  333^,  transition  to  hornblende  schist 338 

Mokoman  or  Knife  lake 142 

Molecular  changes 204 

Moose  lake •. 99,  122,  174 

Moraine  of  recent  origin 114 

Moroinic  deposits -  188 

Morrison,  Paul,  cited 310 

Morphological  phenomena 186 

Mountain  or  Ensign  lake 183 

Mad  creek  bay 306 

Mad  creek  and  lake 26,  174 

Maacovado  gabbro i 14»,  170.  171,  183,  183,  35t 


Nameless  lake ^. 28,  134,  174 

Nascent  mica-schist 74,  80,  96,  103,  104,  128,  145,  178,  186 

Newfound  lake 99,  121,  174 

Newton  lake 83,  102,  174 

Northeast  cape 93,  358 

Non-titaniferous  iron  ores 216 

Notes  on  White  Iron  lake 329 

"North  ridge" 264,  274 

Noryte  defined 17 

NnmberBfoilocalitie8,18j  for  rocks 16,  386,  413 

Oeetlnnd,  O.  W 3 

Ogishke  conglomerate,  described 179,  194.  370 

Ogishke  conglomerate,  occurring 14.3,  149,  150,  156,  1S8, 18S,  198 

Ogishke  Mnncie  conglomerate,  its  relation  t«  the  greenstone 373 

Ogishke  greenstone 154,  156,  165, 166,  187 

Ogishke  Moncie  lake 156, 160,  179,  189,  206,  369,  412 

Olivine  in  gabbro 332 
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Olivinitic  OM 215,  341 

Olivine-biotite-gabbro 351 

Otter-treck  lake H2 

Ontlet  bay,  of  Vermilion  lake 2»I 

Paliaadee,  rock  of. 343 

Painted  Caatle *. 115 

PeriodH  of  geological  activity - 1S5 

Pickle  lake _ 143 

Pike  river  and  falls 277 

Pine  island,  of  Vermilion  lake 301 

Pipestone ~ 104 

Pipestone  mpids 93,  104,  149,  366 

Pita  in  a  feisitic  Bchirt 129 

Plate  enoneons  and  midleadiog 1^,  130,  131, 132,  133,  147,  14S 

Plnm  island 149 

Pokegama  falls,  iron  ore  at _  217 

Poiodyte  defined,  IS;  occorring,  30,  23,  26,-27,  32;  porphyritic  with  quartz, 

20,    33 

Poiody t«  of  Stnntz  island  and  vicinity 307 

Porodyte  at  the  N.  E.  end  of  Fall  lake -  35» 

Porodyteon  Psendo-messer  b^e 412 

Porpliyrel,  defined,  159,  179;  occuirenoes  oi;  160,  152,  153,   154,  157,   158, 

1»4,  180 

Prophyritiztktion 158 

Portages 14 

Portage  on  Mad  creek,  36;  from  Mad  to  Cat-tail  lake,  26;  Cnt^-t^l  to  Name- 
less, 28;  Namelens  to  Sand  l^ce,  28;  Sand  to  £^le-nest  lakes,  29.     [For 
other  portages  see  notes  on  the  several  lakea  ] 

Potato  lake ■- 142,  144 

Prairie  river,  iron  ore  on 217 

Prairie  portage.... 119 

Pret^lftke 49 

Prince,  F.,  analyses  by 250 

Protogine 108 

Provisional  interpretation 190 

Product  of  the  Minneaota  iron  mines 256 

Psendo-oonglomeritic  stracture 54,  63,  107 

Psendo-mcffier  lake 120,  14t,  142,  143,  144,  411 

Pyrites 32,  180,  206,  329 

Qaartz  grains  overgrown  by  feldspar 188 

Qnartiose  ftagmenta 196 

Qaality  of  the  hematite  ores 218,  259 

Bangea  of  iron  schists  considered 1B2 

Red  chalk 25 

B«d  color  of  gneiss  dne  t«  weathering 118 

B^on  reported  on 13 
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Report,  chAtacter  of. 4,    15 

Report  of  A.  Winchell 6 

Heport  of  H.  V.  Winchell 403 

Ric« 93 

Elver  lake HI 

Bobertaon,  R.  S.,  aooljsisof  oie 214 

Rock-identificatioas 17 

Rock-numbers 16,  386,  398,  413 

Rodis,  general  condition  of. - 172 

Roofing  luntenals 205,  267,  303 

Bontes  throngh  the  region j. 14 

Sand  lake 28,  174 

Saturday  lake : - 93,    94 

Schistose  stractnre  defined 263 

SchistoBe  stractoie  in  the  achiste  at  Tower 221 

Schistose  rocks 17 

SchiMte,  crjataUine ; '. 175,  181 

Schista  of  the  region,  172,  185;  arrangement  of. 174,  191 

Schists  in  contact  with  iron  ore  at  Tower 220 

Schists,  hohed,  so-called '. 230 

Schists,  Eit  the  Lee  mine 248 

Scjthe  stones 206,  410 

SeilimenUcy  origin,  of  the  rocks,  193;  of  the  gneiaera,  discnesed 199 

Seed  lake 142,   144 

Sericitic  schists 174 

Sericitic  and  chloritic  schists  distingaished 222 

Shoo-fly  lake.. - 147,  148 

Shot  lake 131 

Sideritic  rock _ 171 

SilicificatJon 198,  248 

Silica,  nature  of,  in  the  Vermilion  mines 220,  233,  244 

SUverCity 66,  70,72,  33» 

Silver  not  improbable 206 

Slaty  cleavage  defined 263 

Slickensides 270 

Snowbank  lake 123,  134,  175,  177,  164 

Spoon  lake 143 

"South  ridge,"  at  Tower 226,  247,  284 

8t«cy,  F.  N , ~2,  271,  275,  343 

Stacy  island 150 

Stone  iron  mine 21,  234,  253 

Stone,  George  C 219 

Strite,  glacial If*,  >5 

Strike,  defined 2(i4 

Structure  lines  in  veins lOT,  i^B 

Structure  of  the  region '.  lOO 

atunti,  Geo.  R 217 

Stantz  islEUid _ 22,  168,  30» 
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u  mine,  258;  Alt«raatiou  of  ok  and  sh&le... 


Stautzbay 314 

'Backer  point 7T9 

Snckerlake 120,  140 

Summaiy  report _ 1. 

SamniHrj  of  observations 172,  3S1 

Surrej',  geological,  completion  of. 706 

Sun'ejs,  lineal,  badl7  done 130 

Swell  lake 14G 

Sjenite,  Wbite  Iron  lake,  330;  three  lypea  of,  334;  superposition  of  masses, 

335;  at  Birch  lake,  339;  at  Copeland's  lake 343 

Syenitio  belt 176,  177 

fiyrnp  lake 147,  Hi 

Terms,  nseof,  17;  defined 263 

Theoretical  saggestions - 190 

Thickness  of  fonuationB 184,  192,  196 

Thomas  lake :....- .'. 135, 145,  182,  360 

Titaniferons  iron  ore -..187,   171,  213 

Topographic  featares 16!) 

Tower  iron  mines „24,  250 

Tower,  geology  of  the  vicinity  of 264 

[See  also  nudor  iron  oree.] 
Transitions  between  Hohists  and  gneissscs,  178, 197,  127;  sericitic  and  mica- 
schists,  71,  187;  mica  and  hornblende  schist,  71,  95,  98;  diabase  and 
syenite,  79;  syenite  and  quartayte,  81;  mica-schist  and  gneiss,  84,  tW, 
100,  IDl;  mica-schist  and  diabase,  86;  mica-schist  and  felsitc  schist, 
82;  giaywacke  and  mica-schist,  74,  92,  98,  llM,  128,  130,  186;  gray- 
tracke  and  chlorite  and  other  Bchists,  107,  174,  186;  argillyte  and 
other  schista,  1U7,  129,  138,  141 ,  186;  syenite  and  hornblende  schist, 
127;  veined  sericitic  schist  and  siliceous  schist,  130;  diabase  and 
slat«,  151,  152,  162;  varions,  130;  snmmailzed,  182;  hornblende  and 
mica,  153,  187;  argillyte  and  conglomerate,  187;  sericitic  schist  and 
conglomerat«,  187;  diabasic  rock  and  (songlomeiate,  187;  greenstone 

and  conglomerate,  187;  chalcedonic  silica  and  jasper 220 

Tianfdtion  to  gabbro 145,  146 

Transition  between  jasper  and  sericitic  schist _ 221,  2^ 

Transition  between  mica-schist  and  granite 296 

Transition  between  giaywacke  and  syenite 353 

Tremolitic  schist ; .a. 356 

TJnconfoimitics  not  observed 17^ 

Unity  of  the  entire  system 181,  195 

TJphftm,  Warren - 44S 

Upheaval  of  the  granites 199 

Urn  Uke 93,  94,  174,  ISO 

Variation  of  the  magnetic  needle 18,  364 

Van  Hise,  C.  E.,  cited 245 
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VegetatioD  at  Fall  lake ; 59 

Veins,  origin  of. 197,  246 

Veins  with  fibtona  atrnctnre,  65,  187;  with  Bchiatoae  Btmctnre,   1S8,  202; 

aplit 187 

TermiliOQ  lake  iron  mines .'..,24;  223,  232 

Vermilion  lake,  ontlet  of. „ 292 

Veimilioii  lake  and  region  described,  18,  275;  compared  with  Snowbank, 

124;  conglomerate  at,  179;  porphyries  at,  180;  bonlder-Iike  masees  at  ISS 

Vermilion  gronp,  defined 4,  355 

Vermilion  syst«in,  195;  compared  with  Kewatin  series. 1B9 

'Wakemawnp's  village,  geology  about 297 

■\Vadsworth,  M.  E „ 2.  254,  330 

Wndsworth,  M.  E.,  cit«d 18,222,  233 

Whetatono  material 20S 

West  Ely  mine 225,  252 

West  Ureitung  mine 249 

West  Tower  mine 250 

West  hay  of  Vermilion  lake 294 

White  Iron  lake .74,176,177,  183,184,  191,  329 

Wind  island 142 

Wincliell,  A 2,     13 

Winchell,  H.  V , 2,  275,  304,  403 

Winston  (old  town  site) 278 

Wisini  Like 147,  148 

Wood  lake 9ft 

Wrapping  around  included  fragments,  21,  «(  iMdem. 

Zota  lake 153,  158 

Zirkel  qnoted » _ 17 
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I.      ANITDAL  BEPOKIS. 

TBK    FiBST     ANNDAL    REPaST  on     TBS    OeOUMIO*!.    U>D    HlTVBAL    HiSTOBT    BUBTXT    (V 

UiNKESOTA,  ro»  THii  vBiB  IWl.    1 1^1  pp.,  8to.;  wlih  ■  Galond  nup  of  ihe  «Ute.    Bj  X.  8. 
WiHclirtl.    Publlihed  In  Ibe  KeRenti'  Bcport  fur  1872.    Second  edition  idenlicil. 
TsK  Mecumd  Ahmujil  Rbpdst  om  tu>  Gkoloocul  aid  Katvbal  Hutokv  Scbvkt  or 
HiMNRSnTA,  roBTHI!YBiRlS7S.    lit  pp.,  8>0.;  irllb  llln>lrMi<>D9.    ^j  N.  H.  Vinekea  ^ai 
&  F.  pECkham,    PuMlshrd  In  th«  B^enu'  Iteport  ror  1ST»,    Out  tH  prlni. 

B>o.;  with  tiro  cnuntr  mmpL    Br  A'.  H.  WltuluU, 
.    Out  or  i«iM. 
Thk  Kuubth  Ahkkal  Kepobt  ok  thb  GEOLuaicAL  AND  Katcbai.  Uistobt  SrBTEi  or 

alli«rillui<lnilloD>.  ij  X,  H.  WHuAilt.ttaMiA^j  If.  W.  Harr^glBH.  AIh  In  the  Begentf- 
Beport  for  LiTft.    Out  of  piinL 

Tbb  Firra  Assl-al  Uepobt  on  tiik  Obolooical  and  NAxirBAi.  Histobt  Bubtet  or 
UlNMBaoTA.  FDR  tl[K  tlA  I  18TG.  lU  pp.,  KTD.;  fouT  colond  niipi  ind  serenl  oiher  illu.*- 
Intlad'.  Bgr  S.  H.  WukIuU-,  with  reporuon  Cheml>tTr,br5.  F.  Prctlmm;  Umiitaolog;  bf 
P.  I.  aaicS;  Knloniuli<g7,  hj  AlltH  WkUman;  ind  on  Fungi,  b^  A.  K  Jahiueti.  Al»  in  the 
KegenU'Ri'partrurlSTa,    Outot  print. 

The  Sixtu  Annual  Repobt  on  the  Giolooical  and  ■Iatubai.  Histobv  Subvet  or 
UiNNiaoTA,  roB  THK  YBAB  1«77.  SI8  pp.,  Sto.;  Ihiw  gnloglcil  oiBpt  ind  »«ter»t  otlia 
illuitrUluni.  Bj  X.  H.  Winchtll;  wllh  nporU  on  Ctaamlal  AnilfSH,  hj  S.  F.  It^kam;  on 
Ornllholufix  bf  P.  L.  HaCrh;  on  Gnlomologr,  bf  AOn  mttnan;  and  on  Goologj  of  Ri» 
cnotT,  b7  L.  B.  Sptrry.    Alw  la  the  B«geuU'  Report  for  1S7T.    Oul  of  print. 

The  Skventh  Anni-ai,  Rkport  on  thk  QEOfmicAL  and  NATrBAL  Mutobt  Sdbvet  or 
MiHNiESOTA,  FOB  THE  VEAR  1878.  l^ffl  pp.,  8to.;  wllh  twentf-ODe  ptilea.  B^  A'  //.  muAcFl; 
with ■  Field Repon,  by  C.  »'. //dU;  Cheniiciil  Kjif\jam,\ij S.  P.  Pecliham;Ora\ltidiosj,^j P. 
/..  H-Uc*,'Bllnof  IheriBolsor  lbenorlbaborecri«ke!iuperlor,bf  AJunf.'iiDdaB  Anmi- 
A\^,Y>Y  C  L.  Herrick  oa  (be  Mlcruacoplc  KolomoitrM*  of  Mlntmata  (t*ent;r'aiM  plMte). 
Alfo  la  the  Begcnu'  RepnjI  for  1'<7B. 

The  Eiohth  Ahnual  Refobt  oh  toe  Qeolooical  and  Natukal  Uibtobt  Scbvet  or 
MmsiiaoTi,  FOB  the  vkab  IXTS.  ]iU|>p.,ItTo.;  oneplals  (Cutorolde^.  Bt  .V.  H.  It'iiiJtr/l. 
ConUlnIng  ■  Xalemutil  o'  th.-  iiicih'Klii  or  MluvK-ipIc  Llthologr,  a  dlKUMlon  of  the  Cuprif- 
eroui  .'<erleA  til  Minli«.cila.  Buil  ili-wriplion*  of  new  ipedes  of  brncblopodn  frooj  theTres- 
lon«i.dHurte.m«lv.rf.,„iLill..ns;  with  r,p  rt«  on  ih.i  Ueology  uf  CenlrsI  nnd  Wnlera 
MlnneeotB,  bf  H'arm  IjMm:  oii  th'-  Lake  CJupeH.r  nglon,  Ij;  C.  IK  HaU;  llaUol  Biidl 
■nd  of  Flint,  riorn  Latj^ai-^ri-t.^J  Theniu  S.  S^bftU;  Chiauiul  Analyw,  b;  &  F.  Petk- 
liam;Hefonbf  P.  L,H.Ucli,  snlfbur  Appendlie*.  Also  In  the  Regeoli' Report  (orlSTluJ 
1&>I).    Oul  of  prlDt. 

MlNiRSTA.  rviB  TuH  YKiK  1M )  X92  pp..  KTO  ;  three  App.-iidiiia,  tvo  wood  cut  t11U91I» 
tiiili3Bndxli,Utr>.  YVj  S.  II.  Wiiuhea.  ConUinini;  field  dwcrlpllimi  of  442  ErrMlliH 
reck  utupio-,  (Od  nnl in  on  thjir  geologlol  reUClons,  from  the  o>irthem  p*n  ortheuilt. 
new  btacfai  'p-di,  ihr  oiitrr  (uppl;  a(  the  Red  Blrer  TBlley,ind  ainiple  unsof  IheqnilltiM 
of  wsIct;  Trlthrepornonlhe  Upper  Mlmlmlppl  region,  by  O.  E.  OorHws;  on  IbeHrdnlegr 
ofMtnncnU.bT  CM.  Terry;  on  the  GIkIaI  Drift  and  lu  Termln>l  MonlB«.b;  ITium 
(^AoiB.'Cbemlaa  Aiia)7ie(,b7.f,^.i)od^;  Allni>flhemrdsorMinneMitB,b7  P,  ^  Ratek; 
and  of  the  Winter  Blrdi,  li;  Thonat  S.  RabtrU.  Aln  In  the  Reginla' Report  £>r  1S7>  and  ISM. 
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Taa  Tbkth  Amnji.ii  Bepost  on  the  Oeolooicii.  and  Natdbai.   Bistobt  Scirtit  o> 

M IVRBMITA,  FOB  THB  TEAK  1M1.     ZIM  pp.,  STO.;  Tllb  l«a  VOOd  CUt  1  lluU nlloiX  UDd  fln«eil 

plate*,  fij  H.  V.  WiiulitlL  Contilnlng  a«ld  dnciiplfaoi  of  about  four  buodred  rock 
umptea.  aind  DOla  on  their  geolo|leal  relaticni,  eontlnued  from  ttae  lail  report ;  tbe  Pulsdam 
tandilaiu;  tyidcallfaloieetlumar  tbeneki  of  the  Cuprifenui  Seiia;  and  tbe  dee^  veil  at 
the  "C"  Wuhbum  mill,  UlniH^nlla;  vUh  Geological  Dolfi,  bf  J.  H.  Ktooi;  Chemical 
Analjm,  iij  J.  A.  Dodge;  and  papen  OD  tbe  Cruitacea  of  the  fresh  waten  of  Mlaneaota 
(elaieD  plates),  b;  U  L.  fftrrlrt.    Alto  In  the  Hf^eiits'  Aepoit  for  lasi  and  1SS2. 

The  ELBVEHTH  ABNUAL  BBPOBT  oh  tub  GEOLOGtCAL    AKD  KaIUBAL  HUTCllV    SURVBI  or 

HmnnOTA,  roa  the  tkab  1S62.  21R  pp.,  Sto.;  with  three  wood  cut  illuktralioni  sod  one 
plate.  Bf  rr.  H.  maeAell,  Canl&inlog  a  i^nrt  on  tbe  Hioeralogr  of  Minnesota,  and  a  oate 
on  the  agaoC  the  rocki  of  the  Mfsaabiand  Vermilion  Iron  diilrlcls;  wllh  papera  on  the  cr;e- 
talllDB  rocksof  Minneeota,  bj  A.  Otrmg uA  J.  H.  Jl"(«u,- on  rock  outcrope  Iq  Central  Minne- 
■ota  and  on  Lake  Agaaela,  bf  H'arren  C'ln^om;  on  ths  Iroo  region  of  Northern  Mlnnefola,  by 
Albert  H,  Cheaer;  OuaaXcal  AaaXjaa.bj  J.  A.  Dodte ;  and  an  Appendix  conulning  UioDe- 
sota  Lavs  relating  to  Mioee  and  MlDlng,  abstracted  by  a  L,  Jitrrick.  Also  In  the  Uegents' 
Beport  for  Jltf  I  and  1BS2. 

Thu  TwcLrru  Akhual  Repokt  on  thb  Gbouhiical  and  Natubal  Kisitiby  Bubvey  or 
UiHHBSUTA,  roB  THE  THAB  ]g«3.  SuiumBry  report,  containing  palsoiiiDlaglcBl  notes,  and 
a  paper  on  the  conkparatlre  strength  of  Minnesota  and  Nev  England  granites,  tveniyelE 
pages,  bj  !f.  H.  WineheU;  final  report  on  the  Cnialacea  of  Ulunisota  Includrd  In  Ihe  ordeia 
Gadocers  and  Copepoda.  Wl  pages  and  80  plates,  b;  C.  L.  lierriek;  and  a  catalogue  of  the 
fioraoT  Uinnffiota,  198  pages,  vlth  ore  map  showlsg  the  fonsl  distribution,  by  irarrea 
L'pham.    Also  In  tbe  RegcIiLi'  Ksport  for  1ft83  and  1884. 

The  TiiiKTBRHEH  Annual  Bepobt  oh  the  Geouhiical  and  Nati-ral  HiaToar  Sirvet  or 
HiItNEDOTA,  roB  THi  TEAR  1SB4.  IW  pages.  Geological  reconnolsaances,  the  Vermilion 
iron  ores,  tbe  crTsUlllne  rocks  of  Minnesala  and  or  the  Konbvest.  the  Uuiuboldt  lalt-vell  In 
Kittson  count;,  records  o[  TBiious  dwp  veils  In  the  tlslr.',  foniis  tram  the  red  qiisrUfte  at 
PlpestoDe,  reports  on  the  Nev  Orleans  Eipmltiun  and  on  the  General  Museum,  bj  .Y  .ff. 
WlHchttl;  Geology  of  Minnehaha  county,  DakoU,  by  H'omn  Vpham;  Cheinicia  r^iort,  by 
Fnf.Jat.A.  Dodge;  Minnesota  geographical  nanwa  derived  from  Ihe  Takola  language,  by 
Prff.  A.  W.  WmUtmton:  inaeets  injurious  to  the  cabbage,  by  O.  W.  Ortllund;  Geological  notes 
InBlueEnrihcoanty.by  Pn^r.  J.  F.  BtehdeU;  and  oD  a  rossil  elephant  fiom  Stockton,  by 
Frt^-  John  Holxinger:  papers  on  the  CiWaceoUB  fossils  in  tbe  boulder  clays  In  the  Northwest, 
by  Geergc  M.  naicim  and  by  H'wdtrnni  and  Thomju;  and  notes  on  the  Mammals  of  Kg 
Stone  lake  and  Tlclnily,  by  C.  L.  Jlcrrirt. 

The  FoiRTEENTH  Annual  Rkpoet  on  the  GKOLO0ir*L  AND  Natuhal  Histoev  Eubybt  of 
Minnesota,  fob  niB  ykab  18U.  SSi  pp.;  tvo  plata  of  fOssiis  and  tao  wood  cuts.  By 
A',  if.  WiaclicIL  Containing  summary  report,  notes  on  some  deep  wells  In  Mlnnfc«ta,de8crlp- 
lionsof  fDUTnewspedtcor  Ibasils,  asupposed  natural  alloy  of  copper  and  silver  from  the 
north  shore  of  Lake  Superior,  and  rerision  of  the  sIiatlKrapby  of  iho  Cambrian  in  Minne- 
sota, vjlh  the  fnltovlng  papers  by  assialants,  cii.:  List  of  Ihe  Apbidldae  of  Minnesota,  with 
deecrlptlons  of  some  new  species,  by  CL  IK  Oeillund;  Beport  on  the  Lower  Siberian  Biyoioa, 
wltbprellmlnary  dsecrlpllanaor  somensw>peciin,by  JE,  0,  UIHch;  Conehologlcal  notea,by 
U,  3.  Oranl;  Bibliography  of  the  Foramiuiren,  recent  and  foasil,  by  AMI^my  IFoodieard. 

II.      FINAL  EEPOET. 

The  Qeoloot  of  Uinnesota.  Vol  I.  or  the  Pinal  Report.  1884;  iIt.  and  697  pp.,  quarto; 
Illustrated  by  48  plates  and  BJ  flgures.  By  H.  H.  Winehell,  assisted  by  n'orren  Vplvim.  Con- 
taining an  historical  sketch  of  eiploratlons  and  surveys  in  MioneHOta.  the  general  physical 
featurM«f  Ibe  state,  the  building  etones,  and  lbs  geology  of  Houston,  Winona,  Fillmore, 
Mower,  Freeborn,  Pipestone,  Rock  and  Rice  countl™,by  X.  H.  Hlnfie/i;  the  Geolo.ry  of  Olm- 
sted, Dodge  and  Steele  oouplles,  by  if.  W.  Harringion ;  and  the  Geology  of  Waseca,  Blue 
Eanb.  Faribault.  Wslonvan,  Martin,  Cottonwood,  Jackson,  Murray,  Xobles,  Brown,  Bed- 
wood,  Yellow  M8dlcln^  Lyon.  Lincoln,  Big  Stone,  lac  qui  Parle  and  I*  Sueur  counties,  by 
Warrea  Uphmn.  Distributed  gratuitously  to  all  public  llbrarlea  and  oounlj  auditors' 
offlcee  In  the  sUte,  to  other  state  libraries  and  state  univenltlet,  and  to  leading  geologists 
and  Bclestiao  societlce ;  the  remainder  are  held  for  sale  at  the  coat  of  publication,  tajSO  per 
copy  la  ctolb,or»iDgnliiedbalf  roan  binding  upon  application  to  Prof.  N.  H.  Wlnchell, 
MianeapoUs. 
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III.      MISCELLANEOUS  PUBLICATIONS. 

1.  CiBccLAB  Ko.  I.  A  copy  of  the  In*  ordering  the  lurrer,  ind  ■  note  uklng  the  aHSpentloD 
or  citlzflu  and  oOitn.    1872. 

2,  Feat  FOR  DouESTic  Peru    ]S7i,    EA\te4  ty^  S,  F.  FteiAam. 

3.  Rbpout  ok  thk  StW  Spttise  LaNiw  due  tbr  State  of  UiiriimoTi.  A  htatory  o(  all 
affldaHruinctkiDsrelilliiglolhemiiiilds  Btalement  of  Uidr  lUDOaM  *Drl  lacaUon.  1ST*. 
By  .V.  H.  mncMI. 

4,  A  CATii.oouE  OF  THE  Pl.iits  ot  Mi»NF."OTA.  PiiTHred  In  ISSS  by  Dr.  I.  A.  Lapkan, 
cantTlbntedlollieOeologlul  and  NUnrst  Ulstorr  Burrej-  of  Uinncaoti,  and  pubUahedbj- 
tho  State  ttortlcuUunil  Society  (n  lS7n. 

ff.    Circular  No.  S.    RclBting  in  bot»ny,  and  giving  general  dlrectiona  B>t  collscllng  iDfttrma- 

tioD  on  the  flora  of  the  state.    DCS. 
e.    CiRci'LAR  No.  S.    Theeatihllnhni^ntandoiBeniiillgnof  IheUuMura.    1S1T. 
7.    CittniLA»  Ko.  i,    Kcladng  10  diipiicai™  inrheMujeiim  and  eichangea.    ISJS. 
B.    The   Buii-dinq   SniKKi,   Clivp,    l.iurs,  CRVSXTa,    Roopiici,  Flaooisd  and  PaviMa 

STOsra  OF  MisruESOTA.    A  fpf clal  repiirt  hr  .V.  W,  WlncMi.    ISKO. 

aanipii-s  of  clay  and  biick  (bribe  Oenenl  MUAram.    ISnO. 
10.    CiH'ni.AH  Nil  n.    To  ownen  of  mllla  »nd  iinlin|injTed  waler-poweta.    Relating  lo  IhB 
Hj-ilrologyBii.i  *at(T  jiowersof  Mlnntsoln.    ISWi. 

IV.       BULLETIK8, 

No  1.    Hlitory  of  Geologi.nl  Survrys  tn  Mlnnmota,    By  iV, 
No.  2.    Pivllinlnary  IX'-crli.Ilon  of  Ibe  l^rldoyHs,  Gabb™, 

<oIa.    Ry  .V  E.  Wndnrorlh. 
No.  8.    Report  of  KOrk  clone  in  Botany  In  Ihe  year  IBM.    Bj 
No.  4.    A  Synopsis  uf  tfae  A|>hldidffi  of  MlnneiwU.    By  O.  II 
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